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Executive Summary 
 
The purpose of this project is to design and build an inexpensive, universally accessible multi-
station exercise machine for the physical and mental well-being of athletes of the Special 
Olympics and Pathpoint Life Education & Advancement Program. The machine has three sides 
tiered to higher resistance: the first station offers a minimal resistance aerobic exercise focused 
on moving the arms with an ergometer, the second station provides numerous locations to latch 
on resistance bands that will build strength in the athlete’s arms and chest, and the final station 
has a donated weight machine that offers lat pulldowns and flys with maximum resistance 
delivered by a weight stack, cable and pulley system. Not only can the athletes exercise, they can 
challenge themselves and be emotionally fulfilled.  
 
The Pathpoint Life Education & Advancement Program is dedicated to helping their clients with 
developmental disabilities and other disadvantages reach their highest level of potential. The 
students of this project interacted with their clients to determine their level of exercise and what 
they hope to achieve with the addition of an exercise machine. Engineering students and 
kinesiology students worked together to determine the design and build the end product. The 
final assembly will be used by Pathpoint, the Special Olympics, and other facilities in the area 
that work with persons with disabilities. 
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1 Introduction  
  
All individuals should be able to reach their highest potential by having access to equipment that 
can improve the amount of activity they get on a daily basis. The Pathpoint Life Education & 
Advancement Program (LEAP), whose adult athletes with developmental and physical 
disabilities participate in the Special Olympics, recognizes that their athletes in wheelchairs do 
not have adequate accessibility to fitness equipment. A majority of the adults who attend the day 
program use wheelchairs and would like to be able to perform upper body exercises to increase 
their daily activity level, while also stretching minimally used muscles. The athletes’ current 
exercise is directing the joystick of their wheelchairs, so the ability to exercise a variety of 
muscles in the arm and chest area would be highly desirable. The abilities of the athletes is 
important to consider as well as their preferences for exercising and interacting with the 
equipment. The word “universal” requires that the machine is accessible for all. Therefore, the 
end users of the finished product, the athletes, will determine the success of the project and the 
sponsors will provide knowledge and assistance to help the students meet and exceed the 
expectations of their clients.  
 
There are existing machines that will exercise the upper body, accommodate persons in 
wheelchairs, or provide numerous functions through the use of segregated stations. 
Unfortunately the competition has failed to combine these features for the convenience of the 
athletes at LEAP. Common exercise machines have seats that are in a fixed position. While some 
companies have products whose seats pivot out of the way to provide wheelchair access, only 
one exercise can be performed. Multi-station machines are generally above $2000 and not all 
stations can be accessed by someone in a wheelchair. Our product will be universal in who can 
use the system, house multiple stations in order to stimulate as many muscles as possible, and be 
an inexpensive solution due to the reuse of machines. The athletes will be able to test and expand 
their abilities in a supportive environment that caters to their penchants. As the Active Abilities 
team, we aim to encourage exercise through a variety of accessible machine functions at a lower 
cost for the physical and mental well-being of the athletes who attend the LEAP program.   
 
Our group designed, built, and tested a multi-station exercise machine that is accessible to all and 
utilizes donated equipment to reduce expenses. This report presents a final detailed design with 
the accompanying analysis and test results to prove its functionality. Appropriate manuals for 
operation of the machine are also included. All deliverables will be presented to the sponsors and 
the quality of the project will be determined by the athletes at LEAP.    
  
2 Background  
  
2.1 Pathpoint Life Education and Advancement Program 
 
The abilities of the athletes and the current exercise availability for those at the day program 
helps dictate how the machine should function and how the clients will interact with it. Cal Poly 
kinesiology students offer a fun exercise opportunity for the adults at LEAP called Friday Club, 
where instruction is given for different physical activities for an hour every Friday. There is a 
universal play frame that persons in wheelchairs can use in order to play Frisbee, T-ball, 
basketball, and other sports. While the program is fun and works out the athletes, the adults at the 
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day program are not always motivated to participate due to the advanced coordination required 
for transportation and the shortness of the session. The LEAP program is not capable of 
transporting all of the athletes in their wheelchairs to the university with the modes of transit 
available to them. Bringing the universal play frame to a park closer to the PathPoint facility is a 
special occasion conducted by the Special Olympics.  
 
Daily activity for the athletes is limited to the control of their power wheelchairs which only 
stimulates a handful of the muscles in the upper body. The range of motion for each athlete is 
different, with some able to raise their arms completely over their heads and others able to 
handle their wheelchair controllers. Some adults at the day program can use the stationary bike 
but a majority of the athletes are in wheelchairs. Their power wheelchairs are well-maneuverable 
due to the joystick control. LEAP will be relocating and will only be bringing the stationary bike, 
a large mat and a wooden rod system that allows users to lift themselves up, due to the reduced 
space in the new facility. The leftover space of the facility will be dedicated to the accessible 
exercise machine to be created by our senior project group.  
 
2.2 Existing Fitness Machines 
 
Current commercial exercise equipment is not designed and built to cater to people with 
disabilities. While at the gym, people with disabilities usually have a hard time accessing and 
using the exercise equipment. For example, the Dual 4-Stack machine made by Body-Solid, 
Figure 1, is a multi-station machine that can provide a number of exercises. This machine has a 
footprint of 4’ x 4’, which can easily fit within our given footprint constraint of 8’X5’. While this 
machine satisfies some of the customer’s requirements, there are some disadvantages that fail to 
satisfy the overall goal. First, the machine is about $4000, which was out of our budget. Second, 
the machine is one structure, so it will take significant time and effort to be able to transport it 
within and outside the LEAP facility. Finally, the machine is not accessible for all. It has rigid 
seats, which would require the athletes to get off their wheelchairs to be able to use the machine. 
The machine also has the weight stacks in the back, making it difficult for the athletes to adjust 
the resistance weight, once they are in workout position.  The process that people with 
disabilities go through to access and use conventional exercise equipment can become 
challenging and discouraging.   
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Figure 1. Body Solid Pro Dual 4-Stack Gym, made by Body-Solid 
 
While most commercial exercise equipment manufacturers do not provide easily accessible 
equipment for people with disabilities, Cybex is the exception. Cybex, a leading manufacturer in 
exercise equipment, provides a line of equipment, Total Access, which is accessible to all 
(Fig.2).  
 
Figure 2. Chest press Total Access exercise machine, made by Cybex. 
 
The Total Access equipment line has seats that swivel out of the way, which allows wheelchair 
users to easily roll into a workout position. Also, Total Access equipment allows the user to 
easily adjust the resistance weight and handles from the seated position. The problem with 
Cybex’s Total Access line is that they provide one exercise machine per workout, for a total of 
eight exercise machines. The starting price for one these machines is about $2,000, so purchasing 
the whole Total Access line to provide a range of workouts can be become very expensive.  
 
With the high costs required to purchase an exercise machine we began to think about the 
manufacturing costs needed if we were to build one ourselves. Another design class had created 
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a tricep curl machine last year and had spent over two thousand dollars to completely 
manufacture it themselves. The students were unable to finish the machine in the quarter they 
were given due to all the considerations they had to make. Therefore we figured that the best 
solution would be to ask the recreation center, other athletic facilities, and friends if they had an 
existing machine that they would be willing to donate so that we could make it accessible and be 
able to afford more than one exercise station. A generous donor came forward and donated the 
machine seen in Figure 3 that can perform chest presses, lat pulldowns, and pectoral flys for arm 
exercises. It can also perform leg exercises which are not relevant to this project and will pose a 
good design challenge to remove.  
 
 
Figure 3. James George’s Donated Exercise Machine 
 
2.3 Athlete Surveys 
 
The team had gathered information on existing machines and had met with the sponsors to 
understand their requirements, but we had not yet asked the athletes what they were expecting 
with our machine. Haley recommended sending out a survey to obtain their input, asking 
questions about their level of activity and motivation factors when exercising. We also provided 
pictures of numerous exercises and asked the athletes to check a box next to the picture that 
indicated that they would like to use such a machine, as seen in Figure 4.  
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Figure 4. Athlete Survey Exercise Machine Example 
 
The athletes responded favorably to all of the exercises suggested which lead us to conclude that 
they would be pleased with whatever we had to offer at the end of the project. The athletes 
wanted to increase their activity levels but there were a variety of motivations which will be 
accounted for in the final development of the machine. 
 
2.4 Total Access Cybex Demonstration 
 
In order to see how the athletes at LEAP would be interacting with our machine, we invited Ray 
out to use the Total Access Cybex machines at Cal Poly’s recreation center. We needed to see 
how his wheelchair fit into the space, how he maneuvered around the frame of the machine, and 
how much weight he was comfortable with lifting. Figure 5 shows Ray using the chest press, we 
also had him demonstrate how he used the row machine and the lat pull down machine.  
  
 
Figure 5. Ray’s Demonstration of Chest Press Machine 
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While each station Ray used had a chair that swiveled out of the way, allowing for easy 
wheelchair access, the frame itself was not conducive to appropriate interaction. Ray was able to 
maneuver his wheelchair into each space but the space did not always account for him. Figure 5 
highlights how the chest press machine did not account for how far forward Ray would be due to 
his backrest, preventing him from starting off in the proper position. The lat pulldown and the 
row machine did not consider Ray’s footrest that made him unable to get as far forward to reach 
the handles. In each situation Haley and Robert were required to bring the handles closer to him 
so that he could begin with the proper set up. Ray was able to illustrate what we needed to 
account for with our machine.       
 
2.5 ADA and ASTM Standards Regarding Exercise Machines 
 
The ADA, also known as the American’s with Disabilities Act, sets out a specific list of 
standards each year that are compliant with individuals that have certain disabilities. These 
standards discuss many things from the construction of assistive ramps to the layout of handrails 
in bathroom stalls for individuals with disabilities. For our purposes, the ADA standards have a 
few standards that are applicable to clearances and dimensions that do need to be considered for 
our project. First, there are set maneuvering clearances as noted in section 305.7. These 
maneuvering clearances are split up into two categories of forward approach (305.7.1) and 
parallel approach (305.7.2). The forward approach lists that as the patron moves into an alcove 
facing forward, the cutout shall be a minimum of 36” wide where the depth is greater than 24”. 
The parallel approach designates that during an approach with an alcove to the left or right, 
cutout sections shall be a minimum of 60” wide where the depth is greater than 15”.   
 
The second standard deals with toe clearances noted in section 306.2. This section is further 
broken down into four separate distinctions being general (306.2.1), maximum depth (306.2.2), 
minimum depth (306.2.3), and finally width (306.2.5). General notes that the space between the 
ground and 9” above shall be considered clearance. Maximum depth notes that toe clearance 
shall extend 25” under an element while minimum depth notes that toe clearance shall extend a 
minimum of 17” under an element. Finally, the width of the toe clearance shall be a minimum 
width of 30”.   
 
The third standard deals with knee clearances noted in section 306.3. This section is further 
broken down into four separate distinctions being general (306.2.1), maximum depth (306.2.2), 
minimum depth (306.2.3), and finally width (306.2.5). General notes that the Space between 9” 
and 27” above shall be considered clearance. Maximum depth notes that Knee clearance shall 
extend 25” under an element at 9” while minimum depth notes that Knee clearance shall extend a 
minimum of 11” at 9” above the floor and 8” deep at 27” above the floor. Finally, the width of 
the knee clearance shall be a minimum width of 30”.   
 
The last two pertinent standards that may be used in the development of our product deal with 
forward reach and side reach. These may or may not be used due to the fact that there will be an 
assistant on site to help the athletes. They can be referenced under sections 308.2 and 308.3. 
Lastly, there is a standard under 1004.1 stating that clear floor space shall be allocated for all 
exercise machines and equipment. These considerations will be a crucial part in the design of our 
system. The standards have been derived from anthropometric data that have narrowed down the 
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best methods to assist individuals in wheelchairs. We will have these considerations noted and 
implemented for any part of the machine that requires them. Our group has included the 
specifications listed in these standards in Appendix A in order to assure the design and 
performance of the machine.  
 
The American Society for Testing and Materials (ASTM) has several standards on strength 
equipment (F2216), fitness equipment (F2276), evaluating the design and performance of the 
equipment (F2277), universal fitness equipment design (F3021), and safety signage required 
(F1749). F2216 gives specific dimensions related to the weight stack enclosure to ensure safety 
around moving weight. Weights should only rise when moved intentionally and there are fixed 
distances between moving and fixed components, around 2.36” at a minimum. The document 
provides the number of cycles that the machine should withstand which differs by whether or not 
the equipment is housed in an institution or in a residence. We will use the institutionalized 
specifications due to the higher safety factor. Safety is thoroughly stressed in this document and 
in F1749, requiring assembly manuals, operating instructions, installation instructions and 
warning labels that shall be included with the machine. F2277 provides numerous tests to 
determine if the design and performance of the machine are satisfactory. These tests can be 
physical, visual, or functional, such as testing stability by inclining the machine by ten degrees 
and then using the equipment to its maximum range in distance and weight. While some tests 
require the whole machine, other tests are included to approve individual parts such as belts, 
pins, and pulleys. Any third party approaching the machine is also considered and modeled as a 
probe stuck into numerous places in the machine’s area. F3021 is very applicable since the 
document is for universal machines. This standard goes more into detail about dimensions 
relating to the user, such as chair size or arm distance to the equipment’s handles, allowing for a 
more ergonomic design. Our group has included the specifications listed in these standards in 
Appendix A in order to assure the design and performance of the machine. References for all 
background research can be found in the Works Cited.   
  
3 Objectives  
  
The overall goal for this project is to have a multi-station weight machine for upper body 
workouts that is accessible to people with a variety of abilities. The machine will have three 
sides, with the first station being for aerobic exercise focused on moving the arms, the second 
station includes flys and a lat pulldown from a donated machine, and the final station has 
numerous locations to attach resistance bands that can do multiple exercises such as Joe’s torso 
rotation and rows. Not only will this machine provide exercise, it will also be mentally fulfilling.  
 
This machine will be added to the new facility, so the footprint has to be around 7x7 square feet 
but also be easy to disassemble to fit through double doors and for transport. LEAP assistants 
will be able to secure the structure and lock up any free components to avoid use without 
supervision. It will have space for any wheelchair but also a seat for non-wheelchair users. There 
will be different attachments for user interaction with the machine and adjustable features to 
accommodate all needs and abilities.   
 
The specifications for the exercise machine appear in depth in Appendix A. These include safety 
specifications from the ASTM and ADA standards.  
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4 Idea Generation 
 
4.1 Morphological Matrix with Identifying Sub-Functions 
 
The first brainstorming step was to develop sub-functions that would be required for the main 
function of a universally accessible multi-station exercise machine that improves the physical 
and mental well-being of its users. The first sub-function was the crossover for different abilities 
which was essentially the need for a chair that could move out of the way to accommodate 
wheelchairs. We established that there needed to be a torso activity, an arm activity, and an 
aerobic activity, but we were not limited to a single exercise for each station. Motivation factors 
were also considered for emotional reassurance but they could be incorporated later in the 
design. The user to machine interaction consisted of different types of handles and attachments 
to allow people with all types of abilities to interface with the machine. Finally different 
transportation options were added, as seen in Figure 6. 
 
 
Figure 6. The Morphological Matrix with Identifying Sub-Functions 
 
The main use of the morphological matrix was to establish common ideas amongst the team of 
what we needed to consider as we went forward. The solutions to these individual sub-functions 
could be combined with other sub-function solutions to create an overall solution to the problem.  
 
4.2 In Class Modeling 
 
A session of in class modeling that included a variety of art supplies such as foam board, rubber 
bands, and popsicle sticks yielded a ⅛ scale model of the weight machine. The first purpose of 
creating the model was to affirm that we had a universal vision of what we wanted to create. 
With all students on board, we also wanted to show our new sponsor at LEAP a visual model 
rather than trying to explain what could be envisioned differently by other people. We were able 
to show all three stations and the space that they would require. When creating the resistance 
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station that included the torso activity, a rubber band was used to represent the resistance. Our 
team had been rather set on using a series of pulleys and weight stacks to provide numerous 
exercises with different handle attachments at different heights, much like common exercise 
machines seen at the recreation center, but this activity allowed us to realize that we had not 
given resistance bands as much consideration as we should have. The final model can be seen 
below in Figure 7. 
 
 
Figure 7. Three Station Weight Machine Foam Board Model 
 
4.3 Gallery Transportation Ideation 
 
The ease of transportation for the exercise machine was a key customer requirement. The 
customer wanted a machine that could easily be moved within and outside the LEAP facility. In 
order to find a solution for transportation, we performed the gallery method of ideation. The 
gallery method of ideation process allowed the team to come up with individual solutions that 
would eventually lead to a final solution. First, team members were given ten minutes to 
generate solutions via sketch. After the ten minutes were up, the sketches of all team members 
were showcased in gallery fashion, allowing the team to discuss the pros and cons of each 
solution. A second individual session of idea generation was performed to develop more new 
ideas, or come up with modified solutions from previous ideas. Finally, the team performed 
another group ideation, an example sketch is shown in Figure 8. 
 
10 
 
.  
Figure 8. A sketch showcasing the function of transportability.  
 
While a final solution was not attained, the popular solution was for each station have the 
characteristics of a hand truck. Each station will have two wheels, and handles attached to the 
back of it, Figure 9. This configuration minimizes the amount of disassembly needed before 
transportation, while at the same time eliminating the need for extra tools and equipment. While 
the attached wheels will serve as the form of transportation, they will also help stabilize the 
machine when in place. 
 
   
Figure 9. Sketch displaying how the wheels and handles will be attached to one station, 
allowing each station to be transported individually. 
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4.4 Pre-Selection Idea Combination 
 
With numerous solutions to sub-functions from the morphological matrix and the gallery 
transportation ideation, the next step was to combine the sub-functions into a complete design. 
The pre-selection process was used to combine a variety of solutions and see if they answered 
four specific questions. The four questions were: Have the sponsor’s requests been fulfilled? 
Does the design meet the set specifications? Is the design feasible from a manufacturing 
standpoint? Is the effort needed to provide the solution acceptable? The functions regarded as the 
most crucial to fulfill were transportation, each station, orientation of setup, and universal access. 
Other deliberations such as motivation factors, types of handles available for the user, and 
adjustability could be incorporated into any solution later on in the detailed design process. Each 
engineer was tasked to brainstorm at least ten ideas and ask themselves if the four questions were 
mollified. Many of these ideas did not fulfill the checklist, further narrowing down the list of 
designs. The list of the forty combinations can be seen in Appendix B. The top ten designs were 
sketched and can be seen in Appendix C. 
 
We each sketched a minimum of two ideas and made sure to include the same amount of detail 
so that others would be able to understand the sketches with minimal conversation. These ten 
solutions would be the final pool with which to make our design decision. 
 
4.5 Other Techniques 
 
Students solidified major components of the design outside of the suggested ideation processes 
as well. The three main stations, aerobic, resistance upper body strength training, and upper body 
strength training with a weight stack, were determined before the morphological matrix 
brainstorming. The aerobic station was proposed by Haley as our kinesiology consultant since 
we had confined ourselves to strength training machines at the time. The suggestion was 
confirmed as a great idea by the athlete surveys and it stuck. The resistance upper body strength 
training station came about as a solution to an athlete who needed an exercise to strengthen his 
torso as his arms were not as strong as his ability to rotate forwards and backwards. Finally the 
upper body strength training with a weight stack was expressly determined by the fact that we 
had received a weight machine from a generous donor that would help the budget to incorporate 
it into the design.  
 
Once all of the possible routes of ideation had been exhausted to the extent that we could 
feasibly perform and we needed to narrow down our ideas to the top ten, we could then proceed 
to make a decision. 
 
5 Decision Process 
 
5.1 Technical Criteria 
 
The ten solutions were evaluated using technical criteria of equal weight. These criteria defined 
important considerations and needed to be worded appropriately so that they were strong, no two 
could be confused, and they indicated the positive direction. The first criterion was the effort to 
make it secure and safe which included the ability to lock up free components and even the 
structures themselves, clearly defined tripping hazards, and inherent safety.  The second was 
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easy transport and adjustability which gave preference to designs with low weight, 
maneuverability, minimal people and equipment required to move it, minimal disassembly for 
short travel, and the ease and ability to adjust the heights and ranges of the machine. Next was 
considering the most efficient configuration for the facility, this being a low footprint, the ability 
to change the configuration of the stations, and the ability for the machines to stand alone. The 
user should be able to easily interact with the machine that takes into account the wheelchair 
space of motion, a machine motion as fluid as possible, and not too complex a geometry to 
maneuver around. Finally the simplicity of the design is important in that we should use 
resources we have available such as the donated machine rather than reinventing the wheel and 
evaluate pulleys with individual weight stacks versus resistance bands. The results of the 
evaluation are shown in the table on the next page.  
 
The individual criteria were scored for each solution on a scale of 0-4, with 4 being very good 
and 0 not satisfying. 
 
Table 1. Technical Criteria Evaluation 
Technical Criteria Evaluation Table 
Criteria/Solution 1 2 3 4 5 6 7 8 9 10 
Low Effort to Make it 
Secure and Safe 3 3 3 2 4 2 4 2 1 2 
Easy to Transport and 
Adjust 4 4 1 1 3 3 2 3 2 2 
Efficient Configuration for 
Facility 3 2 3 3 3 2 3 2 2 3 
Easy Interaction with 
Machine 4 3 3 3 3 3 3 3 2 2 
Simplicity of Design 4 4 3 2 2 4 4 2 1 4 
Pmax 18 16 13 11 15 14 16 12 8 13 
WT 0.9 0.8 0.65 0.55 0.75 0.7 0.8 0.6 0.4 0.65 
Rank 1 2/3 6/7 9 4 5 2/3 8 10 6/7 
  
 
5.2 Economical Criteria 
 
The next consideration was that of economics for both the manufacturer and the customer. The 
criteria were not as complex as the technical ones and can be seen in the table below that 
continues onto the next page. The manufacturer and customer weight values were combined to 
create one economical value that could be compared to the technical value offered by each 
solution. 
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Table 2. Manufacturer and Customer Economic Criteria Table 
Manufacturer Cost Criteria Evaluation Table 
Criteria/Solution 1 2 3 4 5 6 7 8 9 10 
Assembly Cost 4 3 3 2 4 4 3 3 2 4 
Manufacturing Cost 3 3 3 2 3 3 3 3 2 3 
Material Cost 4 3 3 3 4 4 4 3 2 4 
Cost for Purchased 
Parts 
4 4 4 2 4 4 4 2 2 4 
Development Cost 2 2 2 2 3 2 2 2 2 2 
Pmax 17 15 15 11 18 17 16 13 10 17 
Wwmanufacturer 0.85 0.75 0.75 0.55 0.9 0.85 0.8 0.65 0.5 0.85 
Rank 2/3/4 6/7 6/7 9 1 2/3/4 5 8 10 2/3/4 
Customer Criteria Evaluation Table 
Criteria/Solution 1 2 3 4 5 6 7 8 9 10 
Low Investment 
Cost 
4 3 3 2 4 4 3 2 2 4 
Low Operating Cost 4 4 4 3 4 4 4 4 3 4 
Low Maintenance 
Cost 
4 3 3 3 4 4 4 4 3 4 
Low Installation 
Cost 
4 4 4 4 4 4 3 3 4 3 
Short Amortization 4 4 4 4 4 4 4 4 4 4 
Pmax 20 18 18 16 20 20 18 17 16 19 
Wwcustomer 1 0.9 0.9 0.8 1 1 0.9 0.85 0.8 0.95 
Rank 1/2/3 5/6/7 5/6/7 9/10 1/2/3 1/2/3 5/6/7 8 9/10 4 
  
The total economical evaluation is determined by 𝑊𝑤 = √𝑊𝑤 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 × 𝑊𝑤 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑟. 
 
5.3 Criteria Evaluation 
 
The next step was to hold up the technical and economic criteria together in order to choose a 
final design. The best design would have equal economical and technical value, although the 
team agreed that high technical value was a priority. By plotting these criteria against each other 
in Figure 11, the strength of each solution could be seen.  
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Figure 10. Economical Weight versus Technical Weight for Each Solution 
 
Using this evaluation method, Solution #1 was determined to be the best solution which was 
entirely a coincidence. All members of the team agreed that they were content with this design 
and that it could proceed forward. An isometric view of Solution #1 can be seen in Figure 11. 
 
                           Aerobic Station                      Weight Station                   Resistance Station 
 
Figure 11. Final Conceptual Design Isometric View 
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6 Final Design 
 
The chosen design fulfilled the requirements for three stations, safety, security, easy user 
interaction, ease of transportation, adjustability, simplicity, and a low cost. Each station could be 
detached and be used alone, with wheels and a handle to get the station where it needed to be. 
When the stations are combined and placed against the corner of a room, they create a secure 
space where attachments and resistance bands could be stored, with a locked door in the 
resistance band station. Even the removable chairs for each station can be stored when not in use. 
The overall setup of the machine can be seen in the conceptual sketch of Figure 11. With this 
conceptual sketch from the preliminary design we were able to model the final design in 
SolidWorks. 
 
6.1 Aerobic Station 
 
The first station utilizes a passive hand bike to kickstart the development of the athlete’s range of 
motion in their arms. The hand bike will provide aerobic exercise to those that cannot use the 
facility’s stationary bike. Each user’s preferences will be taken into account with adjustability in 
the height of the hand pedals. A removable chair will be available depending on the needs of the 
user. An isometric detailed view of the station is provided in Figure 12. 
 
Figure 12. Aerobic Hand Bike Station - Isometric View 
 
The chosen ergometer is the Soozier Portable Indoor Fitness Exercise Bike, seen in Figure 13. 
This model is lightweight at 10.4 lbs, compact in size at 15.9” length by 15.4” width by 11.4” 
height, had an adjustable resistance knob as well as a sleek design and an LCD display that 
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shows time, distance and calories. The display is intended as a motivation factor for the athletes. 
The bike will be fastened to the adjustable table at its four feet and will be on the foremost edge 
of the table to discourage any persons from leaning on the table due to the shape of the bike. 
Hand straps will be added to the ergometer as a gripping aid for the athletes. 
 
Figure 13. Soozier Portable Indoor Fitness Mini Pedal Exerciser Bike 
 
The up and down adjustability of the aerobic station will be accomplished by telescoping tubes 
that can be pinned at the proper height. High density polyethylene sliders will be fastened inside 
the outer tube in order to reduce friction and allow for easier gliding. Athletes will be able to get 
as close or as far away from the ergometer as they need to be to use it comfortably since the table 
length was determined by the farthest foot rest length of the wheelchairs at LEAP. For 
transportation, the pins can be removed and the telescoping tubes can be pulled out to separate 
the station into two easy to carry pieces as the overall weight of the station is around 55 lbs.  
 
6.2 Resistance Upper Body Strength Training Station 
 
The main purpose of this station was to provide a torso exercise for the athletes. It was quickly 
expanded to be able to perform a variety of exercises due to its unique adjustability. The entire 
frame is made of perforated steel allowing for numerous eyebolt positions. The purpose of the 
eyebolts, bolts with loops on the end, is to be able to clip resistance bands onto them using 
carabiners, allowing for exercises such as bicep curls or shoulder presses. There are different 
levels available for resistance bands as well as lengths. We reviewed the ability of the force in 
the band to change which was considered a disadvantage compared to the constant force of using 
weights and realized that with a 50 lb max level, we would be operating in a small linear range. 
Another positive was that this design housed a door that allowed controlled access to the corner 
storage area. There was the hazard of the frame protruding forwards causing tripping and head-
banging but the frame can be brightly colored to deter this. An isometric view of the resistance 
band station can be seen in Figure 14. 
 
 
17 
 
 
Figure 14. Resistance Training Station - Isometric View 
 
The background research surrounding resistance bands and pulleys has really helped drive the 
detailed design of each specific station. Resistance bands and pulley systems have benefits and 
disadvantages that may lead singling out one specific method over the other. However, the 
dynamic of our tiered system leads the group to using both methods for creating different 
training regimens. Resistance bands are classified as an elastic material that can deflect while 
providing a resistive force to any user. Bands may come in flat belt orientations or also in the 
form of tubing. The bands that seem to benefit our clients as well as be the best to design with 
will be tubing based bands. There are many adaptations using the tubing coupled with a 
carabiner attachment that are off the shelf. These are readily available to purchase but there may 
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be issues with length. The approach to this problem would be using analysis to design our own 
length bands incorporating the same attachment methods as seen with other bands. 
 
Another key feature of the resistance band station is the door. Not only does it provide locations 
for eyebolts in the center of the door, it allows any free objects such as gripping aids or 
resistance bands to be locked behind it. The door is secured by aluminum door jams that restricts 
movement in the direction that the hinges open. It can support the forces caused by an athlete 
using an eyebolt in its center because the door consists of a steel frame that is covered by two 
sheets of plywood.  
 
6.3 Weighted Upper Body Strength Training Station 
 
The purpose of the weight exercise station is to provide the athletes with a gym-like experience, 
representing the final tier of the proposed training regimen. The weighted upper body strength 
training station will incorporate the exercise machine donated to us. The exercise machine is 
composed of a weight stack and pulley system, configured to provide a chest press, pectoral flys, 
and lat pulldown workout. Its leg exercises and the chest press will be removed in order to 
achieve accessibility, essentially everything in front of the backrest in Figure 3. The exercise 
machine will be modified to allow the athletes to easily adjust the stations controls and resistance 
weight with minimal assistance. The importance of accessible for all will also be emphasized by 
having a removable seat and adjustable grips to allow multiple starting positions, which will 
allow the athletes to have proper exercise and form. An isometric view of the fixed upper body 
strength station can be seen in Figure 15. 
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Figure 15. Weight Training Station - Isometric View 
 
Besides the removal of the material on the front half of the donated exercise machine, other 
improvements will be made as seen in Figure 15. The bottom base will be built out in order to 
attach securely to the other stations when in the full configuration and to provide stability that 
was lessened by the removal of the front of the machine. Two steel tubes on the back of the 
machine allow for the transportation handles to be spaced equally apart and high above to allow 
the user to tilt the machine back with lesser force. They also provide a mounting location for the 
wheels that are also supported by a small piece of steel tubing welded to the side of the longer 
tubes. The handle and wheel configuration is equivalent to a hand truck so that the machine can 
be tilted backwards onto the wheels and rolled away. Figure 16 highlights the wheel attachment. 
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Figure 16. Wheel Attachment for Transportation 
 
Another addition to the existing frame is the extension of the top bar that contains the lat 
pulldown and the flys. The power wheelchairs owned by the athletes have large backrests due to 
some functions being stowed in a back panel, preventing them from using the flys in their current 
position without it coming to its final position in their faces. Therefore a foot long piece of 
square tubing from the material removed previously will be welded into the top bar in order to 
move the flys forward and allow for all wheelchair sizes. The length of the fly handles also need 
to be extended because some wheelchair sit lower than others and are lower than the height of 
the existing chair. Another twelve inch piece of steel tubing will be welded on to the bottom of 
the current handles in order to extend them.  
 
6.4 Final Overall Design 
 
The complete assembly provides a universally accessible, inexpensive, multi-station exercise 
machine that emphasizes safety while maintaining a sophisticated design. When the stations 
come together they provide a corner of space that can be used to store the resistance bands, the 
chair, and all gripping aids. The final configuration is shown in Figure 17. 
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Figure 17. Multi-station Universal Exercise Machine Complete Assembly 
 
The stations will be attached through the use of gussets and clevis pins in three locations. When 
the stations need to be separated there will only be seven pins to remove by taking the cotter pins 
out of the clevis pins. The gussets and pins can be placed in a bag to ensure that none will get 
lost whenever the stations are moved. A close up view of the gusset and pin attachment is 
illustrated in Figure 18.  
 
 
 
Figure 18. Gusset and Clevis Pin Assembly 
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7 Analysis 
 
Each station was individually analyzed to ensure that they could be separated from the assembly 
and still perform their function. The square tubing dimensions for the stations’ frames was 
initially chosen based on the tubing size of the donated weight machine in order to maintain an 
overall cohesiveness. The strength of this tubing was calculated and found to be more than 
adequate for the loads being applied. Critical components considered in these analyses can be 
found in Appendix I’s Design Failure Modes and Effects Analysis.  
 
7.1 Weight Station 
 
Since the design of the weight station depended on the design of the existing machine, we 
performed our analysis on the components that we added to the design. The donated machine 
was inspected for any flaws and finding none, we concluded that its safety would be verified 
during testing.  
 
One of the main critical components added to the existing frame is the extension of the top bar so 
that the flys and lat pulldown will be further away from the back of the frame. A foot long piece 
of tubing from the material removed from unused parts of the machine will be used in this splice 
to keep the material thickness consistent. Weld calculations were performed for the butt weld 
with the larger moment using Shigley’s Mechanical Design book and fillet weld equations. Fillet 
welds are weaker than butt welds, making the calculations conservative. We treated the added 
tubing and the top bar as a cantilever beam welded to the wall and used two force conditions on 
the tip of the bar: the 50 lb maximum found when the most independent athlete Ray used the 
accessible weight machines on campus and the 100 lbs that the machine already has in its weight 
stack. This force created a moment about the bar and another moment was added from the 
weight of the fly extensions. We created an excel spreadsheet seen in Appendix G to calculate 
the factor of safety based on the stress from bending and the yield strength of A513 steel. The 
welds were also analyzed for fatigue and the lowest factor of safety was 44.8 for fatigue and 100 
lb load. The forces in black and the weldments in red on the top bar are shown in the free body 
diagram of Figure 19.  
 
 
Figure 19. Weldment Analysis Free Body Diagram 
 
With the addition of the piece of square tubing, we needed to see if the top bar would fail as the 
original designers did not consider the added length. The cantilever beam with bending model 
was used again but for the strength of the 2”x2”x1/16” tubing and the total length of the top bar. 
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The same load conditions were applied and fatigue was also analyzed. The factor of safety of the 
fatigue loading of 100 lbs was the lowest at 1.65 but it is still higher than one and it is unlikely 
that the athletes will be using the full weight of the machine as we had verified from Ray that his 
maximum was 50 lbs. The location of the failure can be seen in Figure 19, where the top bar 
attaches to the back vertical tube. This analysis does not account for the diagonal support which 
would increase the factor of safety. 
 
The bolted connection between the wheel mounting plate and the weight station frame was 
analyzed to verify that it will not fail in shear. This connection was of major concern due to the 
large shear force the machine imposed on the bolted connection, Figure 20.  The bolted 
connection will only feel this shear force, during the transportation of the machine. The 
connection was analyzed for all possible modes of failure in shear loading. The failures are: 
shear on bolts, bearing on bolts, bearing on members, and the tension on members. For the 
analysis, A513 - 2” x 2” square steel tube members, SAE grade 5 bolts, and a shear force of 211 
lb was used. To be conservative, the shear loading force of 211 lb was used in order to simulate 
the maximum amount of force the bolted connection will bear, which is when the machine’s 
pivot point comes off the ground and the majority of the weight is supported through the bolted 
connection. After going through the analysis, the smallest factor of safety produced was by the 
tension in the members. The factor of safety was 64, which means the bolted connection can 
withstand at least 64 times the shear load of 211 lb. The full analysis can be seen in Appendix G. 
 
 
 
Figure 20.  Bolted Connection between the weight station frame and the wheel mounting 
plate. 
 
Tipping is the final major concern for this station. The structure extending forwards from the 
backrest helped provide stability to the existing exercise machine but all of that will be removed 
with our design. Although we did build out the bottom frame in order to create transportation 
features, we needed to see if the machine would tip when the maximum load of the weight stack 
(100 lb) was being lifted. By summing the moment around the tipping point seen in the free body 
diagram of Figure 21, we calculated the force required to tip the machine to be 115 lbs which is 
more than is available to lift by the weight stack. This gave a safety factor of 1.16 for tipping. 
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During our tipping analysis we also used the FBD to analyze the slipping of the machine with 
friction between the rubber bumpers and vinyl floors and found a factor of safety of 1.67.  
 
 
Figure 21. Weight Station Tipping Free Body Diagram 
 
7.2 Aerobic Station 
 
In order to make this station accessible to everyone, the table has to be adjustable and offer 
enough legroom for the athletes. All wheelchair types should be able to fit in this space, from 
manual wheelchairs to power wheelchairs.  This station also had a smaller footprint than the 
other two since it fit into the corner that they created. With a working design that encompassed 
these demands, we analyzed the critical components as determined in the DFMEA of Appendix 
I. 
 
The table has to be stable enough to hold the weight of the hand bike and the weight the users put 
on it while using the bike. The thickness of the table was determined by average table 
thicknesses for aesthetics. This is why there are two steel rods supporting the wooden table. The 
supports decreases bending and the yield stress, therefore there can be a higher force on the table, 
higher than the 50 lb maximum exerted by the athletes. With the steel rods, the factor of safety 
for the strength of the table is 3.82. With high factors of safety on the weldments of the 
resistance band station and the weight station as well as minimal forces being exerted on this 
table, the welds will be verified through testing. 
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Another major analysis is the tipping calculation. The station needs to be able to stand alone for 
when the users only want to take the aerobic station to an event. Using the free body diagram 
shown in Figure 22, we calculated the maximum force needed to tip the machine. With the 
location of the pedals being behind the tipping point, the pressure exerted by the athlete on the 
pedals will never cause the machine to tip. From the tipping analysis shown in the aerobic station 
excel spreadsheet of Appendix G, the station will tip if someone leans on the very edge with a 
force of 54 lbs. To discourage leaning on the table we will be fastening the handbike to the 
outermost edge. The shape of the ergometer is not ergonomic in terms of leaning. 
 
 
Figure 22. Aerobic Station Tipping Free Body Diagram 
 
The last significant calculation was the bending and buckling of the legs. The table will have a 
force that could potentially bend the legs. The buckling calculations determined the critical load 
to be over 50 kips, so the pin will likely shear first. 
 
7.3 Resistance Band Station 
 
The resistance band station is the critical station because it caters to a large range of the athlete’s 
needs and it does not consist of any existing machines like the weight station. When the design 
was modeled the first thing we checked was the tipping of the station. Calculations shown in 
Appendix G show that in its current state the station will not tip, but the upper beams had to be 
shortened in order to assure that there wasn’t too large of a moment over the tipping point due to 
the extension of the beams. The factor of safety on tipping was 1.2, and factors of safety over 
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one are considered safe. We also checked if the machine would slide on the vinyl of the 
Pathpoint facility and got a factor of safety of 1.17.  
 
The strength of the tubing was crucial since there are a few feet of tubing suspended above the 
station’s exercise space. We analyzed the bending of the horizontal and vertical tubes in fatigue 
using modified Goodman, including the fact that the tubing is perforated. In this case all of the 
beams had factors of safety greater than four.   
 
The frame has four beam extensions, two on the top and two on the bottom. If an athlete is using 
the outermost eyebolts, there will be a large moment on the frame. We verified the weldments on 
the top and bottom using Shigley’s mechanical design book’s fillet weld calculations which was 
conservative for the welds that are butt welds. These welds were also analyzed in fatigue. The 
factors of safety on all beams were above 5, making them extremely safe.  
 
The last consideration for this station was the shear and bearing loading calculations of the door 
connection. The hinges are supporting a steel reinforced door and are also subjected to the forces 
applied by an athlete when using the center eyebolts. The screw shear stresses had a factor of 
safety above 700 and the bearing and shear on the hinge were over 250 due to the strength of the 
bolts. We also looked at the wheel screw shear as in the weight station and found a factor of 
safety of 150. All calculations can be seen in Appendix G.  
 
8 Product Realization 
 
Although the stations have been designed and analyzed separately, the whole team was involved 
in manufacturing each station. The initial mentality was that everyone would work on their 
assigned station but when creating the manufacturing Gantt chart of Appendix K it was 
concluded that by doing specific operations for all stations the timeline would be shorter. The 
first operation was cutting all of the steel to the proper lengths. The cuts were the most precise 
for the resistance station because the steel was perforated and there needed to be holes in 
designated positions. Having a binder containing all of the part drawings expedited the process 
since all of the cuts could be made at one time and we were certain that they were correct. The 
only reason that we had to do cuts later on was when we changed the design of the chair.  
 
After all of the cuts had been performed, we drilled all of the required holes. All of the holes 
were center drilled on a mill in order to achieve higher precision on the position and then a drill 
press was used to finish the holes. Any metal remaining around the holes was removed using a 
belt sander. A majority of the holes were sized to match the diameter of the perforated steel 
holes, 7/16”, in order to standardize fastener size. The drill press setup may be seen in Figure 23. 
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Figure 23. Drilling Resistance Band Station Center Door Beam 
 
The welding of each station was done separately using shielded metal arc welding. Since the 
perforated tubing was galvanized the sections that were welded were grinded thoroughly to 
prevent zinc oxide. Portions on the weight station also needed to be ground down in painted 
areas so that the welds would not be contaminated. Material preparation is shown in Figure 24.  
 
 
Figure 24. Preparation of Perforated Steel for Welding by Grinding Zinc Coating 
 
Once all of the stations had been welded, the welds were inspected by the welding professor 
Kevin Williams of the Industrial and Manufacturing Engineering Department. The stations were 
brought to the Cal Poly welding lab and all welds were ground down with grinders to better 
inspect their integrity and for appearance. Professor Williams used metal inert gas welding to 
pass over the welds that failed his inspection. MIG welding was better for the aerobic and weight 
station frames because it is easier to weld thin wall tubing without burning through. The tubing 
was thin wall because the existing weight station tubing was thin wall and the team wanted to 
remain consistent. While this tubing decreased the overall weight of the machine, it was more 
difficult to weld than the thick wall perforated tubing.  
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With the stations fully manufactured, consistent station aesthetics were desired so the same 
colors were used to paint the entire machine. These colors were determined by the PathPoint 
logo so the main structure is blue and the tripping hazard stripes on the bottom beams of each 
station are orange. Rustoleum protective enamel paint and rust preventative primer were used to 
preserve the quality of the steel and for the glossy finish that it gave. The wooden table and door 
coverings were stained and then coated in polyurethane for a clear finish. The hinges and the 
door jams were not painted to distinguish them from the rest of the structure. One coat of primer 
and two coats of paint were used for each station. Powder coating was not used due to price and 
the logistics of transporting the stations. Figures 25 and 26 illustrate the painting and staining 
process.  
 
 
Figure 25. Stations Drying After First Coat of Blue Paint 
 
 
Figure 26. Staining of Steel Reinforced Door Covers for Resistance Station 
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Touch-ups were done the following week with a final touch up before Senior Project Expo. Our 
method of working on all of the stations at once based on operation allowed us to fully 
understand each station and strengthened the ties of the group.  
 
8.1 Weight Station 
 
The first step in manufacturing the weight station was the deconstruction of the existing 
machine. The donated machine had leg exercises in its front half that were easily removed since 
the members were fastened. Figure 27 displays the station with the leg additions detached. With 
these removals the next steps were to add the framing that we had designed and to cut a portion 
of the existing bottom beam out to allow wheelchairs to enter the space. 
 
 
Figure 27. Deconstruction of Donated Weight Machine 
 
By welding on a support structure to the existing frame we could prevent tipping, allow it to be 
easily transported and have it able to connect to other stations. The top extension was added by 
sawing through the top bar between the fly arms and the diagonal support beam and then butt 
welding in a foot long piece of tubing. By rotating the entire machine the welds could be done 
horizontally or vertically without requiring any overhead welds. Once the welds were complete 
they were tested by hanging off of the top bar. Even the welding professor put his entire weight 
on the end and it held. At this weight, there was noticeable deflection but the machine will not 
see these loads in use. A picture of the weight station during the welding process is shown in 
Figure 28.  
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Figure 28. Welding Added Structure to Donated Weight Machine 
 
Handles and caster supports were also welded on to the structure during this stage. The handles 
were considered “weld-on” but the flat surface provided was thin and tended to melt easily. After 
transporting the machine numerous times the ergonomic factor is appreciated because it moves 
as efficiently as a hand truck. The bottom structure was not completely even due to warping from 
welding and an uneven working surface on the poured concrete but the metal core rubber 
bumpers placed at the four corners of the machine ensured balance as the weight was distributed. 
The gusset holes and the bumper hole locations were accidentally swapped since the gussets 
were a last minute add on to the drawings. Having thin walled tubing was appreciated in this 
incident because it was easy to use a hand drill to rectify the issue. The ease of transportation can 
be seen in Figure 29. 
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Figure 29. Fully Welded and Transportable Weight Station 
 
With the frame in place we were able to shorten the cable to the appropriate length since it had 
run all the way to the leg exercises in the front. To maintain the integrity of the cable for lifting 
purposes we used a plug-lock wire rope fitting that was approved by the advisors at the safety 
hardware review. The connection allows us to insert a length of chain if the range of the fly 
exercise should need to change, although the range without the chain is acceptable. If the chain is 
connected then it will need to be removed for the pulldown exercise or else the pulleys will 
interfere. The fitting is shown in Figure 30. 
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Figure 30. Plug-lock Wire Rope Fitting 
 
The existing machine was noticeable from the rest of the frame because it had been painted 
white. When we standardized the color of the universal weight machine it finally blended into 
the overall design. The final weight machine is below in Figure 31.  
 
 
Figure 31. Final Weight Station 
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8.2 Aerobic Station 
 
The aerobic station was cut and drilled along with the other stations and the main challenge was 
manufacturing the sliders that allow the table to go up and down. Plastic was cut into strips to be 
fastened to the inner sides of the perforated tubing. Two countersunk holes were made in each 
strip so that the bolt would not interfere with the tube sliding in. The intent for this design was to 
reduce friction and allow the table to go up with minimal force. This was not achieved since the 
upper table warped slightly due to welding so more force is required and it is best if the 
adjustment is performed from the center and back of the table. Figure 32 shows the fully welded 
frame and the slight warping may be seen by the bowed legs in the upper frame. 
 
 
Figure 32. Aerobic Station Welded Upper and Lower Frame 
 
Grease was injected onto the inner sliding tube which helped the lifting process. A pin is inserted 
on each perforated post to hold the table at a specific height. The inner sliding legs were only 
painted to the lowest amount of frame visible when it is at its lowest point in the perforated 
tubing so that the paint would not increase the width of the tubing and cause more binding. The 
sliding configuration is illustrated in Figure 33 and the pinned connection in Figure 34. 
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Figure 33. Aerobic Station Sliding Mechanism 
 
 
Figure 34. Aerobic Station Pinned Connection 
 
To reduce the number of fasteners the wooden tabletop was mounted to the support frame along 
with the handbike. Metal tape was used to hold the handbike in place along each leg since we did 
not want to drill into the existing plastic due to rounded surfaces. It would have been difficult to 
securely fasten it with merely bolts and washers. The edges of the metal tape were rounded into 
semi-circles using a bench grinder to reduce the chance of inadvertent cuts. A fully fastened 
handbike is displayed in Figure 35. 
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Figure 35. Aerobic Station Handbike Secured with Metal Tape 
 
This station was the quickest to manufacture and assemble but it is the cornerstone in providing 
an aerobic activity for the athletes. Since it is simply a handbike mounted to a table we were able 
to make a smaller triangular frame that connects to the resistance and weight stations, preserving 
space and helping to create the corner storage area. The final aerobic station is shown in Figure 
36. 
 
 
Figure 36. Final Aerobic Station 
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8.3 Resistance Band Station 
 
All of the cuts for the resistance station were completed with the other stations and the highest 
number of angled cuts were performed for this station for the support beams. Welding went 
smoothly for this station until the upper beam on one side was welded to the top of the vertical 
siding and flush with the top of the vertical siding on the other side. The correct configuration 
was checked from the drawings and the issue was rectified by cutting off the offending beam and 
moving it to the proper position. One side of the outer frame is highlighted in Figure 37. 
 
 
Figure 37. One Side of Resistance Station Welded Frame 
 
Although the perforated tubing was convenient for providing pre-drilled holes, the door frame 
required the most drilling to increase the number of center attachment points. The door was the 
most challenging component of this station, not from manufacturing and welding the door but in 
regards to attaching it to the outside frame. Hanging the door on the hinges was frustrating since 
the holes did not line up precisely on the first assembly attempt even after match drilling was 
used to expedite the process. Luckily Oscar had construction experience and assured the team 
that doors never go on perfectly the first time. A hand drill was used to increase the diameter of 
the holes so that the door could float more easily. Figure 38 shows the triumphant moment when 
the door was completely mounted for the first time. 
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Figure 38. Resistance Station with Mounted Door 
 
With the door mounted on its hinges we needed to manufacture the door jams to prevent the door 
from opening when athletes were using the attachment points on its reinforced steel frame. A 
hole runs through the thickness of the jams that is not shown in Figure 39. The door jams are 
placed on spacers and swing down onto platforms with a hole where they can be locked into 
place with padlocks. The assembly is better shown in Appendix O. The padlocks fit the best 
when upside down.  
 
 
Figure 39. Machined Door Jams for Resistance Station 
 
In order to accommodate a variety of individuals and exercises, the resistance bands were cut to 
long, medium, and short lengths (Figure 40). The carabiners of the resistance bands are held in 
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place by a stopper inserted inside the bands and extra friction is added by heat shrink tape around 
the stopper. Larger carabiners were purchased for the end that connects to the eyebolt since the 
smaller carabiners were difficult to open due to the diameter of the eyebolt. The resistance bands 
came with their own handles but the Active Hands gripping aids can also be used.  
 
 
Figure 40. Resistance Band Sizes 
 
Eyebolts were fastened in positions recommended by Haley to suit all of the exercises 
recommended in her plan. The final touch was the white laser printed vinyl stickers displaying 
the logos of the team, the mechanical engineering department, PathPoint and Special Olympics. 
Figure 41 shows the final resistance station. 
 
 
Figure 41. Final Resistance Station 
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8.4 Chair 
 
The chair is meant to float to whatever station requires it although both the resistance station and 
aerobic station can also be used while standing. The initial design had a straight back but an 
angled back was recommended by Haley and was seen in numerous exercise machines at the 
gym. Since the back foot was angled inwards the outwardly angled back would tip backwards 
when using the weight station and resistance bands. To rectify the issue the back foot was cut off 
and a new piece was added that was angled beyond the farthest position of the backing so that 
the moment was more supported, as seen in Figure 42. The resistance band exercises will not 
cause the chair to tip back but weights greater than 40 lb will. At this point another chair is 
recommended but the athletes did not approach this weight in the Friday Club testing experience.  
 
 
Figure 42. Final Chair Design 
 
8.5 Final Product 
 
The stations are connected by machined aluminum gussets and pins. These gussets are for 
alignment purposes so when the back gusset that connects the three stations together did not 
align, it was discarded as the front two gussets serve the purpose. The stations do need to be in 
the positions shown in Figure 43 when together if the gussets are used. All of the stations can 
stand individually and do not need to be connected to be secure. Resistance bands can be locked 
up behind the door in the corner that the configuration provides.  
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Figure 43. Final Universal Weight Machine 
 
 
9 Cost Analysis and Finance Management 
 
Once the 3D model had been completed, we created a bill of materials that showed us the cost of 
each component and the chosen supplier. The main subassemblies of the exercise machine that 
we broke the bill of materials down to are the resistance band station, the weight station, the 
aerobic station and the chair. There is also a miscellaneous category for items that applied to all 
of the stations. The painting bill of materials was added after the critical design review since it 
had not come into consideration before then. Costs for each station are shown in Table 3. A 
complete bill of materials is attached in Appendix F. By showing a supplier for each component, 
we could manage our orders more effectively by minimizing the number of suppliers.   
 
The resistance band station includes rectangular steel tubing, plywood and aluminum for the 
door, a resistance band set, wheels and handles for transportation, and the rubber bumpers the 
station will be standing on.  
 
The weight station comes from an existing exercise machine that was generously donated to the 
team. There are still costs associated with the additions to this machine and consist of extruded 
steel tubing, handles and wheels for transportation and rubber bumpers. Some of the added 
features to the donated weight machine will use tubing that was removed from the front of the 
machine, saving the cost of more steel tube. 
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The aerobic station required the Soozier ergometer and the adjustable frame to support it, made 
up of steel tubing, wood for the table, high density polyethylene for the sliders, and the rubber 
bumpers.  
 
The chair utilized the previous seat cushions and tubing so that the hole patterns would be the 
same. The rest of the frame used the excess 2” x 2” square tubing from the weight and aerobic 
stations that was ordered in case we needed to redo something.  
 
Other miscellaneous purchases either include attachments or material for every station. Such 
items are gripping aids, perforated steel tubing, the electrodes for welding, a waist belt, and the 
pins and gussets for the complete assembly. We also will be providing PathPoint with a toolkit in 
case they want to add more eyebolts and a set of dumbbells that are included in Haley’s exercise 
regime.  
 
The painting bill of materials includes all of the paint and associated tools for painting.  
 
Table 3. Summary of Station Expenses 
Station 
CDR Estimated 
Cost 
Final Cost 
Resistance Band Station $521.24 $535.88 
Aerobic Station $266.80 $246.35 
Weight Station $263.37 $350.59 
Miscellaneous $684.78 $936.90 
Chair $0.00 $39.00 
Painting $0.00 $125.09 
Total $1736.19 $2233.81 
 
The total found by our bill of materials at the time of the critical design review, $1,736.19, was 
higher than the original budget allotted to us by the department of $1,000. We applied for extra 
funding from CPConnect which provides funding for multidisciplinary projects and were granted 
$2000. We have received $400 from MESFAC, which funds individual parts. Since the steel 
tubing is the most expensive part of our project, that is what we sought from MESFAC. 
 
The chair and painting were not initially considered in the budgeting spreadsheet since they were 
not firmly decided upon. Increases in cost for each category are due to parts that had to be 
purchased when we realized that we needed them to complete the stations. This includes things 
like the weight station fitting, the padlocks and more resistance bands. The Active Hands Gym 
Pack Deluxe was reduced in price by 50% after we explained to the manufacturer what this 
project was about.  
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A different spreadsheet was created when turning in receipts to the department. This spreadsheet 
found the total expenditures to be $2255.03 which is about $20 off from what the detailed BOM 
gives of $2233.81. The discrepancy is due to the fact that when we entered in the purchase price 
for some items there were so many on the receipt that we did not include the sales tax on the 
BOM in Appendix F but turned in the receipts that summed the total cost. This leaves around 
$150 dollars remaining in the account that can be used on a future CPConnect project.  
 
10 Build and Test Plan 
 
To confirm that the exercise machine and its individual components were safe and would not 
fail, we created a manufacturing plan and a design verification plan. With the manufacturing plan 
we could ensure that our machine was assembled in an efficient manner that left enough time to 
test every function and facet of the stations.  
 
10.1 Manufacturing Plan 
 
The step by step manufacturing plan is laid out on a timeline in Appendix K, with time 
dependencies shown as lines connecting each process. Once the critical design was approved we 
presented the bill of materials and began to purchase long lead items such as the steel tubing. 
Manufacturing began even before the tubing arrived with the deconstruction of the existing 
weight machine. The manufacturing Gantt chart estimated two months of build time and 
incorporates an overestimation of three times the amount of time we assumed each process 
would take. The process took about a week longer than expected but the universal weight 
machine was completed a week before Senior Project Expo. 
 
10.2 Design Verification Plan 
 
With the final product being a finished weight machine for the Special Olympics athletes to use 
in their exercise routine, we developed a testing plan to ensure their safety. The Design 
Verification Plan and Report of Appendix H details the tests and their according test supervisor. 
This plan seeks to further assure the safety of all critical components listed in the DFMEA of 
Appendix I.  
 
The DVPR was created to verify the safety of the critical components addressed in the DFMEA 
and to fulfill the specifications listed in Appendix A. Each station has its own DFMEA 
spreadsheet and DVPR sheet. The main concerns were the stability of the stations, frame 
strength, proper dimensions, and transportation. 
 
10.2.1 Stability of Individual Stations 
 
When the stations are joined together with the gussets and clevis pins, their combined mass and 
geometry will not tip or move easily. We also wanted to ensure that the stations would not tip 
when disconnected even though our calculations confirm they will not. To consider the stations 
safe we performed ASTM’s stability test of inclining a station at 10 degrees and then using the 
maximum weight available to see if it will tip. The maximum weight for the weight station will 
43 
 
be the 100 lb weight stack limit whereas the resistance band station and aerobic station will have 
a maximum force of 50 lbs. We also needed to see if the machine would slide on different 
surfaces such as carpet, vinyl, concrete, pavement, and dirt using the maximum weight. This is 
because the Special Olympics will be taking the stations to different events that may be located 
in different areas and the machine will also be shared with three facilities that may have different 
flooring.  
 
The stability of each station was tested on level ground by hanging off of the beam that would 
cause the maximum moment about the tipping point. All of the stations were sturdier than the 
calculations suggested so the gussets now serve more of an alignment purpose. Even with the 10 
degree incline test, the stations were stable. We also tested if the stations would slip by pushing 
on them on different surfaces and because of the rubber bumpers there is no chance of sliding.  
 
10.2.2 Frame Strength 
 
The main frames of each station were designed to be cohesive with the existing exercise machine 
and therefore all tubing was predetermined to be 2” x 2”. The tubing with the minimum 
thickness is from the exercise machine at 1/16” which was found to be of sufficient strength in 
the top bar bending analysis of section 7.3. Even with this minimum thickness analyzed we 
tested the strength of the frames through static loading tests. Like in the stability test the weight 
station has a 100 lb maximum and the other stations have a 50 lb maximum. Deflection of the 
tubing was inspected during these loading tests. It is extremely important for the frame to be 
structurally sound when the athletes are interacting with it.  
 
After the welding was completed the static loading tests were performed more out of curiosity 
than during the actual testing week. Figure 44 emphasizes these impromptu tests that were both 
successful and more than the original weights.  
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Figure 44. Static Load Testing of Resistance Frame 
 
The 100 lb static load test of the weight station was done using the lat pulldown exercise as it is 
the farthest forwards and would therefore create the largest moment. The welding instructor also 
hung off of the top beam without breaking any welds. Leaning on the aerobic station causes 
minimal deflection due to the strength of the thick wall tubing supports. If an athlete needs extra 
support while getting up from the aerobic station from the chair they will definitely be able to 
use the table.  
 
The 100 lb weight stack of the weight station has a noise level greater than 60 dB when the 
weights are dropped during the exercise prematurely. We tried to fix this issue using both foam 
and soundproofing anti-vibration isolation pads but they both failed. From this testing we found 
that the noise is mainly generated through the weight stack vibrating against the guides which 
cannot be stopped. When the athletes were practicing with the machine they were instructed to 
go very slowly and therefore did not drop the weights too suddenly, preventing any loud noise 
from being made. With proper instruction from the assistants, the noise level will not be an issue.   
 
10.2.3 Dimensions and Clearances 
 
The ADA defines key clearances and dimensions for exercise equipment so that wheelchairs 
both fit into the space and have a degree of maneuverability. We measured and inspected 
forward and parallel maneuverability of wheelchairs as well as toe and knee clearances when 
athletes are interfacing with the machine. The frame dimensions are important to fit into the 
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space allotted to us at LEAP without imposing on the area reserved for the parallel bars or the 
mats. All of the stations passed these dimension tests.  
 
We initially required that the machine must be able to fit through a door, a matter involving both 
height and width. We wanted everyone to feel comfortable in the space and not be confined by 
the framework. In order to provide the correct wheelchair clearances without making the athletes 
feel claustrophobic we did have to sacrifice being able to fit through a door. Luckily the facility 
and the Rec Center have double doors so this is not an issue. Figure 45 shows how the resistance 
station cannot fit through a standard door, the weight station shares this as well. 
 
 
Figure 45. Resistance Station Unable to Fit Through Door 
 
With the weight station there are opportunities for pinch points and ASTM clearly states that 
there should be a 0.98 minimum as well as a 2.36 minimum clearance for moving and fixed 
components. The safety of the athletes is the highest priority so all tests are crucial. The door has 
a clearance of 0.5” which would have provided a pinch point but it will always be locked firmly 
in place during use. The moving and fixed components of the weight machine were already 
verified by the designers of the original machine and there is enough clearance between the 
pedals of the handbike and the table. Another feature was ensuring that there was color contrast 
on members that were tripping hazards, as seen in Figure 46.    
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Figure 46. Resistance Station Bottom Member Color Contrast Tripping Hazard 
 
The colors of the station and the tripping hazards correspond with the colors of the PathPoint 
logo. The handles of the weight machine for the lat pulldown and the flys are also differentiable 
from the frame since they have black covers. The overall machine also fits into the 7’ x 7’ 
footprint decided upon when figuring out the new facility space.  
 
10.2.4 Transportation 
 
Transportation was also tested to ensure that the machine will not be a hassle or dangerous when 
moving to different facilities or Special Olympics events. We wheeled the resistance band station 
and weight station around campus to prove that there is minimal force required to tip and then 
push the station. The stations were maneuvered on different surfaces such as concrete, asphalt, 
dirt and wood flooring to make sure that whatever event the Special Olympics goes to the terrain 
is not an issue. To transport the assembly, each station must be disconnected using the four clevis 
pins and we made sure that this process took less than 5 minutes for the convenience of the 
assistants. The resistance station requires two people to move while the other stations only need 
one person.  
 
10.2.5 Friday Club 
 
Although we had tested the functionality of the stations ourselves, we also wanted to see how the 
athletes used the machine. Our original plan was to have Ray come over to Bonderson when he 
was available but as the amount of remaining time dwindled we sought other options. We visited 
Michael at Friday Club and inquired if we could get an athlete over to the other side of campus 
but since this was logistically difficult we decided to transport the stations to the Rec Center. Not 
only was this a good way to interact with the athletes, we were able to do more testing on the 
transportability of the stations. The kinesiology students who run Friday Club were intrigued by 
the design and the athletes were eager to try it out. Haley took over training the athletes on the 
resistance bands while Emily helped the athletes with the weight station. Figures 47 and 48 
highlight various athletes using the universal weight machine. 
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Figure 47. Athlete Enjoying the Aerobic Station 
 
 
Figure 48. Athlete Using the Weight Station and Chair 
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The universal weight machine was a hit at the adult hour of Friday Club. It could also be used for 
the child and teen hours in the future. The athletes were able to successfully interact with the 
machine and begin their strengthening regime.  
 
11 Method of Approach 
 
This project requires several phases as outlined in Cal Poly’s design classes. The first step is to 
establish the need and do background research to understand the problem. Students then break 
the problem down into sub-functions and generate ideas for these sub-functions which are 
combined into overall solutions. Concepts are evaluated with the criteria that we determined 
were the most important to fulfill until a single solution is chosen and presented to the sponsor. 
This solution is further detailed using 3D models and analysis culminating in another design 
review and report for the sponsors. The next job is to manufacture the machine with purchased 
and machined parts and then test the components and assemblies. Once constructed, necessary 
additions and changes can be made until the final project is presented.  
 
For phase one, we met with our sponsors and the athletes to understand what they expected to get 
out of this project. We expanded upon the knowledge that they gave us through background 
research of existing machines and standards for these machines. The athlete’s experience was 
critical so we had Ray demonstrate how he used an accessible machine and sent out surveys to 
the athletes on their exercise levels and preferences. This research led to the creation of a project 
proposal and a specification list to confirm that we were on the correct path.  
 
The next phase was the generation of ideas of what the exercise machine would include. We 
participated in different types of brainstorming sessions, creating a multitude of possible 
configurations and stations. Criteria were carefully chosen to evaluate these possibilities, 
culminating in a preliminary design that was presented in person and in this report.  
 
Following the preliminary design, we modeled our design in SolidWorks, integrating the donated 
machine into the weight station design. With the design completed we were able to create the bill 
of materials. Analyses and calculations were performed on critical components identified in the 
DFMEA and a design verification test plan was created using the specifications in Appendix A. 
These steps were wrapped up with the critical design review presentation and report. 
 
Manufacturing and testing started in spring quarter after the critical design review. Although the 
stations were designed individually, the manufacturing effort was set up such that everyone 
worked on everything for the expedience of the whole project. The same method of approach 
was applied to testing, allowing for increased knowledge for each station across the whole team 
as well as cohesiveness in testing. Once the machine was verified it was presented at Senior 
Project Expo and then delivered to the sponsors. 
 
12 Management Plan 
 
There are individual and shared responsibilities for the members in this senior project group. 
Each of us contribute our ideas to the overall design and help steer the entire group in the right 
49 
 
direction. We divided the machine up for accurate design and analyses and each engineering 
member was required to do calculations and tests. Building the machine demands that each of us 
focuses on certain aspects of the machine depending on what we are passionate about or did the 
analysis for but there are team consultations on how to tackle these projects effectively in the 
machine shop. All group members were expected to fully participate in the design, build, and test 
phases of the project. All group members have access to a Google Drive that contains project 
documentation. Major deliverables as outlined in the Gantt chart of Appendix L will be emailed 
to the project sponsors, the student's advisor, and relevant individuals vested in the project. 
 
Table 4: Leadership Responsibilities 
Name Responsibilities 
Oscar Andrade Weight Station Calculations 
Weight Station Detailed Drawings 
Weight Station SolidWorks Modeling 
Testing Lead 
Bibi Koch Aerobic Station Calculations 
Aerobic Station Detailed Drawings 
Aerobic Station SolidWorks Modeling 
Testing Lead 
Robert Molloy Resistance Station Calculations 
Resistance Station Detailed Drawings 
Resistance Station SolidWorks Modeling 
Lead Manufacturer 
Haley Rentfro Survey of Athlete Abilities 
Athlete Liaison to Team 
Exercise Regimen Documentation 
Emily Woods Weight Station Calculations 
Weight Station SolidWorks Modeling 
Weekly Progress Report 
Lead Welder 
 
All team members followed through with their commitments to help deliver a functioning 
product. Members referred to the attached Gantt chart in Appendix L to ensure that they were 
meeting the deadlines associated with their responsibilities.  
 
13 Conclusion 
 
This project has been extremely rewarding in regards to the people we have been able to meet 
and interact with. The athletes, sponsors with LEAP, and the Special Olympics provided the 
team with confidence. We are honored to provide them a physically and emotionally stimulating 
50 
 
machine. We have had so many heartfelt moments while creating the universal weight machine 
but the culmination was surely the impromptu Friday Club experience when we introduced the 
project to the athletes for the first time. Their excitement was infectious and it was gratifying to 
see that the full functionality that we had strived for had been achieved. The photos and videos of 
the event cannot replicate the feelings of actually being there but they will be a great reminder in 
the future. Figure 49 was taken at the Senior Project Expo where Ray was able to check out each 
station and we were able to show off the machine to professors, students, industry and family.  
 
 
Figure 49. Senior Project Expo Group Photo 
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Appendix A: Specifications 
 
Project: Universal Weight Machine Author: Oscar Andrade, Bibi Koch, Robert Molloy, Emily Woods Version: 1.0 
Date: 2015-10-08 
 
No. Feature 
Measured 
Value 
Unit 
Demand 
(D) ./. 
Wish (W) 
Source Remarks 
Validate 
Specifications 
Risk 
Geometry 
1.1 Machine footprint 7 x 7 ft2 D Dave 
Equivalent space 
of mat 
Inspection Low 
1.2 Max height 6.8 ft D 
Measured door 
height 
Below height of 
door 
Similarity Low 
1.3 
Wheelchair 
footprint 
2.5 x 4 ft2 D 
Measured 
wheelchair 
(ADA spec) 
Must also fit 
wheelchair 
coming in from 
sides 
Inspection Low 
1.4 
Wall mount with 
holes 
8 holes W Michael & Dave 
Must see new 
facility 
Analysis Medium 
1.5 
Upgrade with 
further parts 
TBA TBA W 
Bibi 
Oscar Robert 
Emily 
Add more 
carabiner handle 
types 
Inspection Low 
1.6 Swivel Seat 0-90 degrees D Michael & Dave 
Must lock in to 
center position by 
itself 
Similarity Medium 
1.7 
Station 
Arrangement 
3 stations D Dave 
One in front, one 
on either side 
Inspection  Low 
1.8 Station Size 3 x 4.5 ft2 D ADA spec 
Based on 
wheelchair size 
Inspection Low 
1.9 Chair Height 16.9-19.1 in D ASTM F3021 
Adjustable seat 
height range 
Inspection Low 
1.1 Seat dimensions 15 x 10 in2 D ASTM F3021 
Minimum width 
and depth 
respectively  
Inspection Low 
1.11 
Weight Enclosure 
Spacing 
< .37 or 
>.98 
in D ASTM F2216 
Around edge of 
weights 
Inspection Low 
1.12 
Weight Selector Pin 
Opening 
< 2.95 in D ASTM F2216 
Width of 
enclosure opening 
for pin 
Inspection Low 
1.13 
Weight Stack 
Enclosure Height 
2.36 in D ASTM F2277 
Inches beyond 
max range of 
weight stack 
travel 
Inspection Low 
1.14 
Distance Between 
Moving and Fixed 
Components 
2.36 in D ASTM F2216 
Must be greater to 
prevent 
entrapment 
Inspection Medium 
1.15 User Field of View 150 degrees D ASTM F2216 
Guarding not 
required if in field 
of view or user's 
body blocks 3rd 
party access 
Inspection Low 
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1.16 Pinch Points 0.98 in D ASTM F2216 
For pinch points 
within user's field 
of view 
Inspection Low 
1.17 Depth of Padding 0.5 in D ASTM F3031 
Minimum depth 
required for the 
seat and back 
support 
Inspection Low 
1.18 
Removable Space 
Clearance 
51.2 x 
29.5 x 
38.4 
in3 D ASTM F3021 
Seat must swivel 
away to give this 
minimum clear 
accessible space 
(length x width x 
height) 
Inspection Low 
1.19 
Distance between 
back support and 
grip 
11.8 in D ASTM F3021 
Start position of 
hand grips to back 
support of user 
Inspection Low 
1.2 Back Support Area 7 x 19.7 in^2 D ASTM F3021 
Minimum area of 
back support 
Inspection Low 
1.21 
Hand Grip 
Circumference 
3.9-5.9 in D ASTM F3021 
For gripping 
surface of all hand 
grips 
Inspection Low 
1.22 Hand Grip Length 5.9 in D ASTM F3021 
Minimum grip 
length 
Inspection Low 
1.23 Inclusive Fitness 0.79 in D ASTM F3021 
Minimum Width 
through the center 
line 
Inspection Low 
Kinematics - See End of Appendix A for Clarification of Features 
2.1 Rotational Motion 
User & 
System 
Dependent 
N/A D Michael & Dave 
Rotation about the 
X, Y, and Z axes 
depicted in figures 
appended to 
Appendix A 
Inspection Medium 
2.2 Linear Motion 
User & 
System 
Dependent 
N/A D Michael & Dave 
Direction of motion 
along X, Y, and Z 
axes depicted in 
figures appended to 
Appendix A 
Inspection Medium  
2.3 Rotational Speed 
User & 
System 
Dependent 
Degrees / 
Second 
D All 
User Dependent, 
speed about the X, 
Y, or Z axes as 
depicted in figures 
appended to 
Appendix A 
Analysis Medium 
2.4 Linear Speed 
User & 
System 
Dependent 
Inches / 
Second 
D All 
User Dependent, 
speed in the X, Y, or 
Z direction as 
depicted in figures 
appended to 
Appendix A 
Analysis Medium 
2.5 
Rotational 
Acceleration 
User & 
System 
Dependent 
Degrees / 
Second^2 
D All 
User Dependent, 
acceleration about 
the X,Y, or Z axes as 
depicted in figures 
appended to 
Appendix A 
Analysis High 
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2.6 Linear Acceleration 
User & 
System 
Dependent 
Inches / 
Second^2 
D All 
User Dependent, 
acceleration in the 
X,Y, or Z direction 
as depicted in 
figures appended to 
Appendix A 
Analysis High 
Forces - See End of Appendix A for Clarification of Features 
3.1.1 Force Magnitude 100 lbf D All 
Max, May change to 
a lower value of 50 Analysis 
Low 
3.2.1 
Force Direction - 
Linear - Fx, Fy, Fz 
Dependent 
on 
machine 
used 
Length D All Unchanged 
Analysis 
Low 
3.2.2 
Force Direction - 
Rotary - Mx, My, 
Mz 
0-30 
degrees 
(from 
vertical to 
end 
angle) 
D All 
Min, May change to 
a value greater than 
30  
Analysis 
Medium 
3.3.1 
Max Incremental 
Weight 
500000 Cycles D ASTM F3021 
From ASTM 
standards Analysis 
Medium 
3.3.2 
Force Frequency - 
Rotary 
500000 Cycles D ASTM F3021 
From ASTM 
standards Analysis 
Medium 
3.3 Weight - Patron 300 lbf D All 
From ASTM 
standards 
Test Low 
3.4.1 
Deformation of 
Material - Steel 
0.005 inch D Shigley 
Shigleys Mechanical 
Design Analysis 
Low 
3.4.1 
Deformation of 
Material - Alum 
0.003 inch D Shigley 
Shigleys Mechanical 
Design 
Analysis Low 
3.5 
Spring 
Characteristics - 
Surgical Tubing for 
Resistance 
- lbf W All - 
  
3.6 
Force required to 
activate adjustment 
Mechanisms 
6.7 lbf D ASTM F3021 
From ASTM 
standards 
Inspection Medium 
3.7 
Max Incremental 
Weight 
5.5 lbf D RESNA 
Most machines have 
5 lb increments, can 
have 2.5 lb 
attachment 
Inspection Low 
Energy 
4.1 Power (Physical) - HP W All 
Need to perform 
analysis 
Analysis Low 
4.2 Power (Electrical) None 
Batteries 
Chargers 
W Dave 
Must not need to 
change batteries or 
plug into a wall 
Inspection Low 
4.3 Power (Electrical) 0-12 Volts W All 
For added feature to 
show progress in the 
form of LEDs 
Analysis Low 
4.4 
Friction Force - 
Pulley 
4.5 lbf D All 
From ASTM 
standards 
Analysis Medium 
4.5 Energy Conversion - Cal to HP W All 
No calorie goal, as 
long as users are 
getting exercise 
Analysis Low 
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Materials 
5.1 Structure Material TBD - D All 
Aluminum or Steel 
(Depending on what 
analysis yields) 
Analysis Low 
5.2 Weight Stack 50 lbm D All Material TBD Inspection Low 
5.3 
Attachment to user 
Material 
TBD - D All 
More research once 
full project proposal 
developed 
Test Low 
5.4 Damper  TBD 
lbs-
seconds/f
eet 
D All 
Should fall into 
60dB comfort 
hearing level 
Test Medium 
5.5 
Depth of Padding 
used in seats, and 
back supports  
0.5 inches D 
ASTM F3021 
Minimum required 
per ASTM Standards 
Inspection Low 
5.6 
Density of Padding 
used in seats and 
back supports 
4.68 lbf/ft^3 D 
ASTM F3021 
Minimum required 
per ASTM Standards 
Inspection Low 
5.7 
Hardness of 
Padding used in 
seats and back 
supports 
70.81 lbf D ASTM F3021 
Maximum required 
per ASTM Standards 
Inspection Low 
Signals 
6.1 
Max Initial User 
Force 
16.5 lbf D RESNA 
Will have lower 
initial weight than 
this for current 
acquired weight 
machine 
Inspection Low 
6.2 Weight Selector Pin 
Dependent 
on 
retention 
method 
- D ASTM F2277 
Weight selector pin 
appropriate to 
chosen weight stack, 
must have retention 
Inspection Low 
6.3 Adjustability Pins 
Dependent 
on 
retention 
method 
- D ASTM F2277 
Required retention 
method 
Inspection Low 
Safety 
7.1 Warning Labels 
As 
specified 
by ASTM 
F2216 
# of 
Labels 
D ASTM F2216 
Include alerts on 
machine specified by 
ASTM 
Inspection Low 
7.2 Instruction Manuals 3 
# of 
Manuals 
D ASTM F2216 
Assembly, 
Operational, and 
Installation 
instructions 
Inspection Low 
7.3 
Operational 
Placards 
TBA 
# of 
Machine 
Functions 
D ASTM F2216 
Individual placards 
for each station in 
multistation machine 
Inspection Low 
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7.4 Stability 10 degrees D ASTM F2277 
Test to prove 
machine is stable 
when inclined and at 
max range in reach 
and weight 
Test Medium 
7.5 
Wheelchair 
Stability 
0.6 
Coefficie
nt of 
static 
friction 
between 
concrete 
and 
rubber 
D All 
Sliding and tipping 
of wheelchair while 
exercising is a 
concern, dependent 
on floor and 
wheelchair 
Test Medium 
7.6 
Pulley 
Disengagement 
4.5 lbf D ASTM F2277 
Test pulley by 
applying 4.5 lbf 90 
degrees to pulley, 
cable should not 
come off 
Test Low 
Ergonomics 
8.1.1 
Operation - 
Maneuvering 
Clearance 
(Forward) 
36 x 24 Inches D ADA Depth = 24" Inspection Low 
8.1.2 
Operation - 
Maneuvering 
Clearance (Parallel) 
60 x 15 Inches D ADA Depth = 15" Inspection Low 
8.2 
Operation - Toe 
Clearance 
9 Inches D ADA 
Max Depth = 25" 
under element 
Min Depth = 17" 
under element 
Inspection Low 
8.3 
Operation - Knee 
Clearance 
9 thru 27 Inches D ADA 
Max Depth = 25" 
under 9" element 
Min Depth = 11" 
deep at 9" above 
floor & 8" deep at 
27" above floor 
Inspection Low 
8.3 
Operation - 
Forward Reach 
11.8 inches S ASTM 3021 
From ASTM 
Standards 
Inspection Low 
 
Operation - Side 
Reach        
8.4 
Color Contrast of 
Hand Grips 
- - D ASTM 3021 
Grips must have 
significant color 
contrast to adjacent 
surface 
Inspection Low 
Manufacturing 
9.1 Custom Parts 
As little as 
possible 
# of parts D All 
Designed where 
needed 
Analysis Medium 
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Assembly 
10.1 
All exercise 
machine 
components 
N/A N/A W All Built on Campus Test Medium 
10.2 
Assembly 
Instructions 
N/A N/A W All 
Instruction shall be 
provided for future 
assembly/disassembl
y 
Inspection Low 
10.3 
Wall Mounting 
Screws 
8 
# of 
screws 
W All 
Screws shall provide 
enough force to 
secure exercise 
machine 
Test Low 
Transportation 
11.1 Wheels 4 # of parts W All 
Wheels shall be used 
to facilitate onsite 
transportation 
Analysis Medium 
11.2 
Bank Door 
Restraint 
6 x 2.5 ft2 D 
Michael and 
Dave 
Should fit through 
average door size 
Inspection Low 
11.3 Station Decoupling 3 stations W All 
Easier to move if 
stations can be 
separated 
Analysis Low 
11.4 
Transportation to 
Site 
10 ft W All 
Largest vehicle 
needed should be a 
10' U-Haul 
Inspection Low 
Usage 
12.1 Weight Stack Noise 60 dB W 
National Institute 
on Deafness and 
Other 
Communication 
Disorders 
Comfortable hearing 
levels below 60 dB 
Test Medium 
12.2 
Machine Slip 
During Use 
0.6 
Static 
friction 
between 
concrete 
and 
rubber 
D All 
Loads need to be 
tested 
Test Medium 
12.3 Wear Rate - - D All 
Dependent on 
Frequency of Use, 
Inspect belts/cables 
for fraying or tearing 
Inspection Low 
12.4 
Bank Room 
Conditions 
- - D 
Michael and 
Dave 
Generally standard 
atmosphere 
conditions 
Inspection Low 
Maintenance 
13.1 
Seat,Backsupport,g
rips, weightstack 
Cleaning None W All Shall be sanitized  Inspection Low 
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13.2 
Mechanism 
Inspection 
1 Per use W All 
Inspection of pulleys 
and other parts can 
be done when 
readjusting the 
positioning for user 
Inspection Low 
Recycling 
14.1 Main Frame  TBD lbs D All 
Main Framed will be 
composed of steel 
Inspection Low 
14.2 
Seat and Back 
Support Padding 
TBD Lbs W All 
Disposed of in 
landfill, if cannot be 
recycled 
Inspection Low 
14.3 Order Packaging TBD lbs D All 
All packaging from 
ordered materials 
will be recycled  
Inspection Low 
14.4 Re-Use of System 1 Machine W All 
Offer other facilities 
the machine 
Similarity Low 
Cost 
15.1 Old machines 
As much 
as we can 
get  
# of 
machines 
D 
ASI/Friends/kine
siology 
department 
Variety in machines N/A Medium 
15.2 New Equipment 
As much 
as we can 
get  
# of parts D 
ASI/Friends/kine
siology 
department 
Variety of 
Components 
N/A Medium 
15.3 Custom Parts 
As little as 
possible 
# of parts D ALL 
Attachments, straps, 
modifications 
N/A High 
15.4 Department Budget 1000 dollars D Mello 
Must supplement 
with donations 
Analysis Medium 
Time Schedule 
15.5 Timeline 1 
Gantt 
Chart 
D 
ME Success 
Guide 
Gantt Chart V1.0 
Attached 
Inspection Medium 
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Kinematics and Forces Clarification 
 
 
Figure A1. Coordinate System Reference: X-Y Plane Can Move Along Z Axis. 
 
 
Figure A2. Chest Press Force in X-Direction and Muscles Used 
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Figure A3. Lat Pulldown Force in Z-Direction and Muscles Used 
 
 
Figure A4. Seated Row Force in X-Direction and Muscles Used 
 
 
Figure A5. Joe’s Torso Rotation About the Y-Axis 
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Appendix B: Pre-Selection Chart 
Solution Transportation 
Universal 
Access 
Set-Up / Orientation 
Station 1 - 
Aerobic 
Station 2 - 
Rigid 
Structure 
Upper Body 
Station 3 - Upper Body 
Task 
Fulfilled? 
Spec 
List 
Fulfilled? 
Feasible 
Solution? 
Acceptable 
Effort? 
Exercises Exercises System Exercises 
1 
Disassembly / 
Modular 
2 
Removable 
Chairs 
Linear 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
2 
Fixed Frame 
w/ Wheels 
2 
Removable 
Chairs 
Linear 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
3 
Disassembly / 
Modular 
Swivel 
Chairs (2) 
Linear 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
4 
Fixed Frame 
w/ Wheels 
Swivel 
Chairs (2) 
Linear 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Pulleys 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
5 
Disassembly / 
Modular 
No Chairs 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
6 
Disassembly / 
Modular 
Foldable 
Chairs 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y Y Y Y 
7 
Disassembly / 
Modular 
No Chairs Linear 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Pulleys 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
8 
Fixed Frame 
w/ Wheels 
No Chairs Linear 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Pulleys 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y N Y Y 
9 
Disassembly / 
Modular with 
Wheels 
Swivel 
Chairs (2) 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y Y Y Y 
10 
Disassembly / 
Modular with 
Wheels 
2 
Removable 
Chairs 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Pull Downs & 
Chest Press 
Resistance 
Bands 
Rows, Ab 
Movements, Pull 
Downs, Curls, & Flys 
Y Y Y Y 
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11 Dissasembly No Chair Linear 
Hand Bike 
(Passive & 
Active) 
None Pulleys Unlimited Y N Y Y 
12 
Fixed Frame 
w/ Wheels and 
Handle on Top 
1 Chair 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Bicep Curl 
Pulley 
System 
Unlimited Y Y Y Y 
13 
Hard Plastic 
Bottom 
Swivel 
Chairs (2) 
Linear 
Hand Bike 
(Passive & 
Active) 
None 
Pulley 
System 
Unlimited Y N Y Y 
14 
Hard Plastic 
Bottom 
(Attached 
Slider) 
Foldable 
Chairs 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Lat Pull 
Downs 
Resistance 
Bands 
Unlimited Y Y Y Y 
15 Modular No Chair 
Back to Back (One 
Frame Butted Up 
Against Other) 
Hand Bike 
(Passive & 
Active) 
None 
Resistance 
Bands 
Unlimited Y N Y Y 
16 Modular No Chair 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Military Press 
Resistance 
Bands 
Unlimited Y N Y Y 
17 
Fixed Frame 
w/ Wheels and 
Handle on Top 
1 
Removable 
Chair 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Dips 
Resistance 
Bands 
Unlimited Y Y Y Y 
18 
Hard Plastic 
Bottom 
(Attached 
Slider) 
Foldable 
Chairs 
Linear 
Hand Bike 
(Passive & 
Active) 
Lat Pull 
Downs 
Pulley 
System 
Unlimited Y Y Y Y 
19 
Hard Plastic 
Bottom 
(Attached 
Slider) 
1 
Removable 
Chair 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Bicep Curl 
Resistance 
bands 
Unlimited Y Y Y Y 
20 
Fixed Frame 
w/ Wheels and 
Handle on Top 
Swivel 
Chair (1) 
Back to Back (One 
Frame Butted Up 
Against Other) 
Hand Bike 
(Passive & 
Active) 
None 
Pulley 
System 
Unlimited Y N Y Y 
21 
Fixed Frame 
w/ Jacks 
Swivel 
Chair 
Linear Punching Bag 
Lat Pull 
Downs Chest 
Press Flys 
Pulley 
System 
Any from survey N N Y Y 
22 
Modular w/ 
Sliders 
Swivel 
Chair 
Linear Speed Bag 
Lat Pull 
Downs Chest 
Press Flys 
Pulley 
System 
Any from survey N N Y Y 
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23 
Modular w/ 
wheels 
Removable 
Chairs 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
(Passive & 
Active) 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey Y Y Y Y 
24 
Fixed Platform 
w/ Wheels 
Foldable 
Chairs 
Linear Punching Bag 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey Y Y N Y 
25 Modular 
Swivel 
Chair 
Two back to back, one 
in front 
Punching Bag 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey Y Y Y Y 
26 Modular 
Removable 
Chairs 
Two back to back, one 
in front 
Hand Bike 
with Motor 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey Y N Y Y 
27 
Raised 
platform to 
support 
forklift/pallet 
jack 
Removable 
Chairs 
Two back to back, one 
in front 
Hand bike 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey Y N Y Y 
28 
Raised 
platform to 
support 
forklift/pallet 
jack 
Removable 
Chairs 
Linear Hand bike 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey N Y Y Y 
29 
Hydraulic 
jacks 
Foldable 
Chairs 
Linear Hand bike 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey N N N Y 
30 
Pneumatic 
Envelope 
below platform 
Swivel 
Chair 
Rotational & Movable 
Frames for both Linear 
and Corner based 
Application 
Hand Bike 
Lat Pull 
Downs Chest 
Press Flys 
Resistance 
bands 
Any from survey N N N N 
31 Wheels 
Separate 
chair 
Linear Speed Bag chest press weights 
flys, pulldown, rows, 
abs 
Y Y Y Y 
32 Disassemble 
Foldable 
Chairs 
Corner set up hand bike chest press 
resistance 
bands 
Any from survey Y Y Y N 
33 Disassembly 
Separate 
chair 
Corner set up Speed Bag chest press 
resistance 
bands 
Any from survey Y Y Y Y 
34 
Hydraulic 
jacks 
Swivel 
Chair 
Linear Punching Bag chest press weights Any from survey Y Y N N 
35 Wheels 
Separate 
chair 
Back to Back (One 
Frame Butted Up 
Against Other) 
Speed Bag chest press 
resistance 
bands 
Any from survey Y Y Y Y 
64 
 
36 fork lift 
swivel 
Chair 
Back to Back (One 
Frame Butted Up 
Against Other) 
Punching Bag chest press weights Any from survey Y Y N N 
37 sliders 
Foldable 
Chairs 
Linear Speed Bag chest press weights Any from survey Y Y N N 
38 Wheels 
Foldable 
Chairs 
Back to Back (One 
Frame Butted Up 
Against Other) 
Punching Bag chest press weights Any from survey Y Y Y Y 
39 sliders 
Separate 
chair 
Back to Back (One 
Frame Butted Up 
Against Other) 
hand bike chest press 
resistance 
bands 
Any from survey Y Y N N 
40 fork lift 
swivel 
Chair 
Corner set up hand bike chest press 
resistance 
bands 
Any from survey Y Y N N 
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Appendix C: Ten Solution Sketches 
 
 
Figure C1. Sketch of Solution #1 
 
 
Figure C2. Sketch of Solution #2 
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Figure C3. Sketch of Solution #3 
 
 
Figure C4. Sketch of Solution #4 
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Figure C5. Sketch of Solution #5 
 
 
Figure C6. Sketch of Solution #6 
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Figure C7. Sketch of Solution #7 
 
 
Figure C8. Sketch of Solution #8 
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Figure C9. Sketch of Solution #9 
 
 
Figure C10. Sketch of Solution #10 
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Appendix D: Detailed Drawings
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Appendix E: Off the Shelf Specification Sheets  
 
 
Figure E1. Active Hands Gripping Aids 
 
139 
 
 
Figure E2. Medsource Adjustable Waist Belt 
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Figure E3. Soozier Ergometer 
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Figure E4. McMaster Metal-Core Bumper 
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Figure E5. Hamilton General Utility Rigid Caster 
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Figure E6. McMaster Weld-on Steel Handle 
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Figure E7. McMaster Square Finishing Plug 
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Figure E8. McMaster Steel Piano Hinge Without Holes 
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Figure E9. Resistance Band Set (1/2) 
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Figure E10. Resistance Band Set (2/2) 
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Figure E11. Neoprene Dumbbell Kit 
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Figure E12. Master Lock 
 
150 
 
 
Figure E13. Plug-Lock Wire Rope Fitting 
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Appendix F: Bill of Materials 
Bill Of Materials - Resistance Station 
Item 
No. 
Part 
No. 
Part Name Supplier Description 
Items 
/ Unit 
Unit 
Qty 
Total 
Qty 
Price Est Total 
Purchase 
Price 
Purchase 
Date 
Who 
Purchased 
1 
R-
341-
TE 
Hamilton 
General Utility 
Rigid Caster 
Hamilton 
4" x 1 3/8" Versa-Tech® 
Gray Rubber (65A) on 
Polyolefin Wheel with 
1/2" Precision Ball 
Bearings 
1 2 2 18.36 $36.72 $36.72 3/3/16 Emily 
2 
3018T
25 
Galvanized Steel 
Eyebolt with 
Shoulder & Nut 
Home 
Depot 
3/8"-16 Thread Size, 3" 
Long Shank 
1 12 12 6.11 $73.32 $16.60 3/3/16 Emily 
3 
92141
A031 
Type 18-8 
Stainless Steel 
Flat Washer 
Home 
Depot 
3/8" Screw Size, 0.406" 
ID, 0.875" OD 
100 1 100 5.45 $5.45 $1.50 3/3/16 Emily 
4 
91257
A678 
High-Strength 
Grade 8 Steel 
Cap Screw 
Home 
Depot 
7/16"-14 Thread, 2-1/4" 
Long, Zinc-Plated 
10 2 20 7.5 $15.00 $6.60 3/3/16 Emily 
5 
97135
A230 
Grade 8 Steel 
Nylon-Insert 
Locknut 
Home 
Depot 
Zinc Yellow-Chromate 
Plated, 3/8"-16 Thread 
Size 
20 1 20 4.02 $4.02 $1.80 3/3/16 Emily 
6 
1650A
2 
Weld-on 
Stamped Steel 
Oval-Grip Pull 
Handle 
McMaster-
Carr 
Dull Finish, 6-5/16" 
Overall Length, 1-1/2" 
Projection 
1 4 4 2.36 $9.44 $9.44 3/3/16 Emily 
7 
9546K
71 
Metal-Core 
Bumper 
McMaster-
Carr 
Threaded Hole, Rubber, 
Soft, 7/16"-20 Thread 
1 4 4 10.81 $43.24 $43.24 3/3/16 Emily 
8 
9565K
65 
Square Finishing 
Plug for Tubing 
McMaster-
Carr 
Ribbed, Fits 1-3/4" Tube 
OD & 1.59"-1.68" Tube ID 
10 1 10 6.41 $6.41 $6.41 3/3/16 Emily 
9 
15665
A611 
Unfinished Steel 
Piano Hinge 
without Holes 
McMaster-
Carr 
.120" Thick, 4" Width 1 2 2 7.36 $14.72 $14.72 3/3/16 Emily 
10 
91247
A594 
Medium-
Strength Grade 
5 Zinc-Plated 
Steel Cap Screw 
Home 
Depot 
5/16"-18 Thread, 2-3/4" 
Long 
10 1 10 3.35 $3.35 $2.20 3/3/16 Emily 
11 
91831
A030 
Type 18-8 
Stainless Steel 
Nylon-Insert 
Locknut 
Home 
Depot 
5/16"-18 Thread Size, 
1/2" Wide, 11/32" High 
50 1 50 6.51 $6.51 $5.50 3/3/16 Emily 
12 
91257
A680 
High-Strength 
Grade 8 Steel 
Cap Screw 
Home 
Depot 
7/16"-14 Thread, 2-3/4" 
Long, Zinc-Plated 
10 2 20 9.13 $18.26 $18.26 3/3/16 Emily 
13 
92141
A032 
Type 18-8 
Stainless Steel 
Flat Washer 
Home 
Depot 
7/16" Screw Size, 0.500" 
ID, 1.125" OD 
100 1 100 10.65 $10.65 $4.50 3/3/16 Emily 
14 
91831
A133 
Type 18-8 
Stainless Steel 
Nylon-Insert 
Locknut 
Home 
Depot 
7/16"-14 Thread Size, 
5/8" Wide, 29/64" High 
25 2 50 7.76 $15.52 $16.00 3/3/16 Emily 
15 
8982K
88 
Multipurpose 
6061 Aluminum 
McMaster-
Carr 
90 Degree Angle, 1/8" 
Thick, 1" x 2" Legs 
1 1 1 3.6 $3.60 $3.60 3/3/16 Emily 
152 
 
16 
8975K
237 
Multipurpose 
6061 Aluminum 
McMaster-
Carr 
Rectangular Bar, 1" x 2" x 
12" 
1 1 1 17.19 $17.19 $17.19 3/3/16 Emily 
17 
B00R3
MZU8
0 
AmazonBasics 
Resistance Band 
Set 
Amazon 
Set with 5 Bands, Foam 
Handles, Door Anchor, 
Ankle Straps, and Carrying 
Case 
1 6 6 17.45 $104.70 $104.76 5/9/16 Robert 
18 
98023
A030 
Zinc Yellow-
Chromate 
Plated Steel Flat 
Washer 
Home 
Depot 
Grade 8, 5/16" Screw 
Size, 0.344" ID, 0.688" OD 
50 1 50 4.83 $4.83 $5.00 3/3/16 Emily 
19 15168 
Grade 8 Yellow 
Zinc Finish Hex 
Cap Screw 
Fastenal 7/16"-14 x 3-3/4" 1 2 2 1.45 $2.90 $1.24 3/3/16 Emily 
20 
33216
4 
PureBond Birch 
Plywood (FSC 
Certified) 
Home 
Depot 
1/4 in. x 4 ft. x 8 ft. 1 2 2 25 $50.00 $67.56 4/2/16 Emily 
21 
92510
A798 
Aluminum 
Unthreaded 
Spacer 
McMaster-
Carr 
3/4" OD, 1/2" Length, 
3/8" Screw Size 
1 2 2 2.32 $4.64 $4.64 3/3/16 Emily 
22 
92240
A399 
Type 316 
Stainless Steel 
Hex Head Cap 
Screw 
McMaster-
Carr 
7/16"-20 Thread, 3/4" 
Long, Fully Threaded 
5 1 5 3.81 $3.81 $4.25 3/3/16 Emily 
23 - 
Hot Rolled Mild 
Steel Rectangle 
Tube - A513 
Online 
Metals 
1" x 2" x 0.12" 1 1 
25 
ft 
152.77 $152.77 $136.01 3/3/16 
Bibi 
Koch 
24 - Flat Head Screw 
McMaster-
Carr 
Flat Head 7/16 - 14 Cap 
Screws 
1 1 1 8.14 $8.14 $8.14 4/25/16 Robert 
Bill Of Materials - Weight Station 
Item 
No. 
Part No. Part Name Supplier Description 
Items 
/ Unit 
Unit 
Qty 
Total 
Qty 
Price Total 
Purchase 
Price 
Purchase 
Date 
Who 
Purchased 
1 R-341-TE 
Hamilton 
General 
Utility Rigid 
Caster 
Hamilton 
4" x 1 3/8" Versa-Tech® 
Gray Rubber (65A) on 
Polyolefin Wheel with 
1/2" Precision Ball 
Bearings 
1 2 2 18.36 $36.72 $43.76 3/3/16 Emily 
2 1650A2 
Weld-on 
Stamped 
Steel Oval-
Grip Pull 
Handle 
McMaster-
Carr 
Dull Finish, 6-5/16" 
Overall Length, 1-1/2" 
Projection 
1 2 2 2.36 $4.72 $4.72 3/3/16 Emily 
3 9546K71 
Metal-Core 
Bumper 
McMaster-
Carr 
Threaded Hole, Rubber, 
Soft, 7/16"-20 Thread 
1 6 6 10.81 $64.86 $64.86 3/3/16 Emily 
4 
91247A59
4 
Medium-
Strength 
Grade 5 Zinc-
Plated Steel 
Cap Screw 
Home 
Depot 
5/16"-18 Thread, 2-3/4" 
Long 
10 1 10 3.35 $3.35 $2.20 3/3/16 Emily 
5 
93190A67
8 
Type 316 
Stainless 
Steel Hex 
Head Cap 
Screw 
Home 
Depot 
7/16"-20 Thread, 1/2" 
Long, Fully Threaded 
5 2 10 5.21 $10.42 $34.32 3/3/16 Emily 
153 
 
6 9565K56 
Square 
Finishing 
Plug for 
Tubing 
McMaster-
Carr 
Ribbed, Fits 2" Tube OD 
and 1.85"-1.92" Tube ID 
25 1 25 11.38 $11.38 $11.38 3/3/16 Emily 
7 n/a 
Mild Steel 
A513  
Hot Rolled 
Square Tube  
Online 
Metals 
2"x 0.065" Square Tubing  n/a 1 
27F
t 
113.42 $113.42 $136.01 3/3/16 
Bibi 
Koch 
8 n/a 
Mild Steel 
A513  
Hot Rolled 
Rectangle 
Tube  
Online 
Metals 
1.5" x 2" x 0.12" n/a 1 1Ft 8.1 $8.10 $13.22 3/3/16 
Bibi 
Koch 
9 
91831A03
0 
Type 18-8 
Stainless 
Steel Nylon-
Insert 
Locknut 
Home 
Depot 
5/16"-18 Thread Size, 
1/2" Wide, 11/32" High 
50 1 50 6.51 $6.51 $5.50 3/3/16 Emily 
10 
 
Aluminum 
Tube 
McMaster-
Carr 
Aluminum Tube for Chair 
Support 
1 1 1 16.26 $16.26 $16.26 5/13/16 Emily 
11 
 
Plug-Lock 
Wire Rope 
Fitting 
McMaster-
Carr 
Plug-Lock Wire Rope 
Fitting 
1 1 1 18.36 $18.36 $18.36 5/2/16 Robert 
Bill Of Materials - Aerobic Station 
Item 
No. 
Part No. Part Name Supplier Description 
Items 
/ Unit 
Unit 
Qty 
Total 
Qty 
Price Total 
Purchase 
Price 
Purchase 
Date 
Who 
Purchased 
1 
 
Hot Rolled 
Mild Steel 
Rectangle 
Tube A500 
Online 
Metals 
1.5 ft x 2.5 ft x 4 ft 1 1 1 $32.00 $32.00 $32.33 3/3/16 
Bibi 
Koch 
2 166073 
Wood for 
table 
Home 
Depot 
15/32 in x 4 ft x 8ft 1 1 1 $14.75 $14.75 $21.74 3/3/16 Emily 
3 
98480A14
0 
18-8 
Stainless 
steel Pin 
with Wire 
Lock 
McMaster 
-Carr 
Round Retainer with Tab, 
3/8" Dameter, 2-1/2 
Usage length 
1 2 2 $7.00 $14.00 $14.00 3/3/16 Emily 
4 9546K71 
Metal-Core 
Bumper 
McMaster-
Carr 
Threaded Hole, Rubber, 
Soft, 7/16"-20 Thread 
1 3 3 $10.81 $32.43 $32.43 3/3/16 Emily 
5 
 
Hand Bike Walmart Soozier hand bike 1 1 1 $44.95 $44.95 $44.95 3/3/15 
Bibi 
Koch 
6 
92620A54
1 
High-
Strength 
Grade 8 
Steel Cap 
Screw 
McMaster 
Bolts to hold the hand 
bike 
100 1 100 $11.90 $11.90 $0.60 3/3/15 Emily 
7 8619K733 
Rigid HDPE 
Polyethylene 
McMaster Spacers 1 1 1 $20.20 $20.20 $28.16 3/3/16 Emily 
8 
 
Mild Steel 
A513  
Hot Rolled 
Square Tube  
Online 
Metals 
1.5 inch tubing 7ft 1 1 $35.12 $35.12 $32.22 3/3/16 
Bibi 
Koch 
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9 
 
Mild Steel 
A513  
Hot Rolled 
Square Tube  
Online 
Metals 
Mild Steel A513  
Hot Rolled Square Tube  
8ft 1 1 $35.65 $35.65 $17.41 3/3/16 
Bibi 
Koch 
10 
 
White 
Lithium 
Grease 
Home 
Depot 
Lucas Oil 8 oz white 
lithium grease 
1 1 1 $4.58 $4.58 $4.58 5/6/16 
Emily 
Woods 
11 3051T27 
Zinc-Plated 
Steel Strap 
Hangers 
McMaster 
Carr 
1"x3/64" by 10 ft 1 1 1 $7.23 $7.23 $7.23 5/6/16 
Bibi 
Koch  
12 
 
Bolts 
Home 
Depot 
1/4 inch diameter 2.5 
inches long 
1 10 10 $0.85 $8.50 $8.50 5/6/16 
Bibi 
Koch 
13 
 
Nuts 
Home 
Depot 
1/4 inner diameter 1 10 10 $0.06 $0.60 $0.60 5/6/16 
Bibi 
Koch 
14 
 
Washers 
Home 
Depot 
1/4 flat washer 1 8 8 $0.20 $1.60 $1.60 5/6/16 
Bibi 
Koch 
Bill Of Materials - Seat 
Item 
No. 
Part No. Part Name Supplier Description 
Items 
/ Unit 
Unit 
Qty 
Total 
Qty 
Price Total 
Purchase 
Price 
Purchase 
Date 
Who 
Purchased 
1 CAP-2CR 
Rubber End 
Caps Foot 
Stops 
Atlantis 
fitness 
2"x2" Rubber end caps 4 1 1 23.00 $23.00 $23.00 3/3/16 Oscar 
2 
91247A59
4 
Medium-
Strength 
Grade 5 Zinc-
Plated Steel 
Cap Screw 
McMaster-
Carr 
5/16"-18 Thread, 2-3/4" 
Long 
10 1 10 3.35 $3.35 $2.20 3/3/16 Emily 
3 n/a 
Mild Steel 
A513  
Hot Rolled 
Square Tube  
Online 
Metals 
2"x 0.065" Square Tubing  n/a 1 1 113.42 $113.42 $13.80 3/3/16 
Bibi 
Koch 
Bill Of Materials - All 
Item 
No. 
Part No. Part Name Supplier Description 
Items 
/ Unit 
Unit 
Qty 
Total 
Qty 
Price Total 
Purchase 
Price 
Purchase 
Date 
Who 
Purchased 
1 - 
Resistance 
Band and 
Aerobic 
Station 
Structure 
Industrial 
Metal  
2x2 Perforated Tubing - 
11 Gauge 
1 1 1 471.29 $471.29 $331.74 3/3/16 Robert 
2 7973A405 
Stick 
Electrode 
McMaster-
Carr 
5/32" Diameter, Pipe 
Welding Application on 
Mild Steel 
1 1 1 17.22 $17.22 $10.15 4/7/16 Emily 
3 7973A404 
Stick 
Electrode 
McMaster-
Carr 
1/8" Diameter, for Pipe 
Welding Application on 
Mild Steel 
1 1 1 19.31 $19.31 $18.99 4/7/16 Emily 
4 - 
Active Hands 
Gym Pack 
Deluxe 
Active 
Hands 
4 Types of gripping aids 1 1 1 144.98 $144.98 $169.69 3/4/16 Emily 
5 - 
Sportcord 
Adjustable 
Waist Belt 
MedSourc
e USA 
Waist band with hook for 
Joe's exercise 
1 1 1 10.3 $10.30 $22.25 3/3/16 Emily 
6 815458 
7/16 in. x 2-
1/2 in. Zinc-
Home 
Depot 
Clevis pins for full 
assembly 
1 8 8 2.52 $20.16 $4.96 3/3/16 Emily 
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Plated 
Universal 
Clevis Pin 
7 16328 
3/32 in. x 1-
1/2 in. Zinc-
Plated Cotter 
Pin (6-Pack) 
Home 
Depot 
Cotter pins for Clevis Pins 6 2 12 0.76 $1.52 $1.91 3/3/16 Emily 
8 
 
Online 
Metals 
Shipping 
Costs     
0 0 $0.00 $167.18 3/3/16 Bibi 
9 
 
Spring Link 
Home 
Depot 
Carabiner for Resistance 
Bands 
1 30 30 0.98 $29.40 $29.40 5/10/16 Emily 
10 
 
130 Piece 
Tool Set 
Harbor 
Freight 
Hand Tools 130 1 130 44.99 $44.99 $44.99 5/18/16 Oscar 
11 
 
Neoprene 
Dumbbell 
Set 
Dick's 
Sporting 
Goods 
Dumbbells for Exercise 
Regime  
1 1 1 49.99 $49.99 $54.52 5/18/16 Emily 
12 
 
Soundproofi
ng Pads 
Super 
Soundproo
fing 
Company 
SSP Dimpled Vibration 
Isolation Pads 
1 1 1 9.98 $9.98 $15.75 5/16/16 Emily 
13 
 
Rachet 
Straps 
Home 
Depot 
Rachet Straps for Securing 
Stations 
1 1 1 14.98 $14.98 14.98 4/2/16 Robert 
14 
 
Master Lock 
Home 
Depot 
Master Lock 2" Padlock 2 1 2 19.98 $19.98 19.98 4/13/16 Emily 
15 
 
Delivery 
Home 
Depot 
Home Depot Rental Truck 
and Gas 
1 1 1 30.41 $30.41 30.41 6/2/16 Robert 
Bill Of Materials – Painting 
Item 
No. 
Part No. Part Name Supplier Description 
Items 
/ Unit 
Unit 
Qty 
Total 
Qty 
Price Total 
Purchase 
Price 
Purchase 
Date 
Who 
Purchased 
1 
GKGO750
00 
Mineral 
Spirits 
Home 
Depot 
Cleaner/Thinner 1 1 1 14.97 $14.97 $14.97 5/6/16 Emily 
2 8781502 Primer 
Home 
Depot 
1 qt. Aluminum Flat Rust 
Preventive Primer 
1 1 2 8.46 $16.92 $8.81 5/6/16 Emily 
3 7727502 Blue Paint 
Home 
Depot 
1 qt. Gloss Royal Blue 
Protective Enamel Paint 
1 1 3 8.46 $25.38 $26.43 5/6/16 Emily 
4 
HD MS 
200 4 
Roller Kit 
Home 
Depot 
3-Piece Trim Kit 1 1 4 5.97 $23.88 $17.91 5/6/16 Emily 
5 
HD MR 
200-2 4 
Foam Rollers 
Home 
Depot 
4 in. x 3/8 in. High-Density 
Foam Mini-Roller Cover 
(2-Pack) 
2 1 1 4.97 $4.97 $8.97 5/6/16 Emily 
6 8500 Foam Brush 
Home 
Depot 
2 in. Flat Foam Brush 1 1 3 0.77 $2.31 $5.85 5/6/16 Emily 
7 2020-36A 
Masking 
Tape 
Home 
Depot 
Scotch 1.41 in. x 60.1 yds. 
Painting Production 
Masking Tape 
1 1 2 2.97 $5.94 $2.27 5/6/16 Emily 
8 
6216-
BL05-10D-
USA 
Rags 
Home 
Depot 
4-lb. All-Purpose Wiping 
Cloths 
1 1 1 11.98 $11.98 $8.56 5/6/16 Emily 
9 
 
Orange Paint 
Home 
Depot 
Rustoleum Orange Spray 
Paint 
1 1 1 3.76 $3.76 $3.76 5/6/16 Emily 
10 
 
Blue Spray 
Paint 
Home 
Depot 
Rustoleum Blue Spray 
Paint 
1 1 1 3.87 $3.87 $3.87 5/6/16 Emily 
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11 
 
Buckets 
Home 
Depot 
Buckets 1 1 1 1.96 $1.96 $1.96 5/6/16 Emily 
12 
 
Sandpaper 
Home 
Depot 
Sandpaper 1 1 1 2 $2.00 $2.00 5/6/16 Emily 
13 
 
Sandpaper 
Sponge 
Home 
Depot 
Sandpaper Sponge 1 1 1 3.97 $3.97 $3.97 5/6/16 Emily 
14 
 
Drop Cloth 
Home 
Depot 
Drop Cloth 1 1 1 3.98 $3.98 $3.98 5/6/16 Emily 
15 
 
Painting 
Sales Tax 
Home 
Depot 
Sales Tax 1 1 1 11.78 $11.78 $11.78 5/6/16 Emily 
         Total $2,233.81    
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 Bill of Materials - Structured Assembly 
Level 
0 
Level 
1 
Level 
2 
Level 
3 
Level 
4 
Part 
No. 
Qty Part Description 
Part / Assembly / 
Welding Drawing 
No. 
Supplier Supplier No. 
AA A 1 
Universal 
Weight Machine     
 
FA 
  
Assembly 
Attachments 
Bring the Three Stations 
Together 
AA-FA 
  
 
001 1 AA-FA-MF-001 
Aluminum Center Back 
Connecting Gusset 
AA-FA-MF-001 n/a - 
 
002 2 AA-FA-MF-002 
Aluminum Front Connecting 
Gusset 
AA-FA-MF-002 n/a - 
 
003 7 
815458 
7/16 in. x 2-1/2 in. Zinc-Plated 
Universal Clevis Pin 815458 
Home Depot 
815458 
 
004 7 
16328 
3/32 in. x 1-1/2 in. Zinc-Plated 
Cotter Pin (6-Pack) 16328 
Home Depot 
16328 
 
RS A 1 
Resistance Band 
Station 
Resistance Band Station 
Assembly 
AA-RS-A 
 
 
001 2 AA-RS-001 Resistance Station Door Hinges AA-RS-001 
McMaster-
Carr 
15665A611 
 
002 2 AA-RS-002 Resistance Station Door Jam AA-RS-002 
McMaster-
Carr 
8975K237 
 
003 2 AA-RS-003 
Resistance Station Door Jam 
Spacer 
AA-RS-003 - - 
 
- 12 91257A680 
Grade 8 Cap Screw :: 7/16 - 14, 
2-3/4" Long 
- 
McMaster-
Carr 
91257A680 
 
- 14 92141A032 
Stainless Steel Flat Washer :: 
7/16 Screw Size 
- 
McMaster-
Carr 
92141A032 
 
- 14 91831A133 
Stainless Steel Nylock :: 7/16 - 
14 
- 
McMaster-
Carr 
91831A133 
 
- 2 15168 
Grade 8 Cap Screw :: 7/16 - 14, 
3-3/4" Long 
- Fastenal 15168 
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- 9 3018T16 
Galvanized Steel Eyebolt :: 3/8-
16, 3" Long 
- 
McMaster-
Carr 
3018T16 
 
- 18 92141A031 
Stainless Steel Flat Washer :: 
3/8 Screw Size 
- 
McMaster-
Carr 
92141A031 
 
- 9 9713A230 Stainless Steel Nylock :: 3/8 - 16 - 
McMaster-
Carr 
9713A230 
 
MF A 1 Main Frame Main Frame Assembly 
AA-RS-MF-A / AA-
RS-MF-W  
 
001 1 AA-RS-MF-001 36 Inch Frame Member AA-RS-MF-001 
Industrial 
Metal Supply 
- 
 
- 4 1650A2 Weld on Pull Handle - 
McMaster-
Carr 
1650A2 
 
S 
AR / 
WR  
Side (Right) 
Main Frame - Side Assembly - 
Right 
AA-RS-MF-S-AR / 
AA-RS-MF-S-WR  
 
001 1 AA-RS-MF-S-001 22 Inch Frame Member AA-RS-MF-S-001 
Industrial 
Metal Supply 
- 
 
002 1 AA-RS-MF-S-002 14 Inch Angled Frame Member AA-RS-MF-S-002 
Industrial 
Metal Supply 
- 
 
003 1 AA-RS-MF-S-003 72 Inch Frame Member AA-RS-MF-S-003 
Industrial 
Metal Supply 
- 
 
004 1 AA-RS-MF-S-004 
39.7 Inch Angled Frame 
Member 
AA-RS-MF-S-004 
Industrial 
Metal Supply 
- 
 
005 1 AA-RS-MF-S-005 
15.5 Inch Angled Frame 
Member 
AA-RS-MF-S-005 
Industrial 
Metal Supply 
- 
 
006 1 AA-RS-MF-S-006 42 Inch Frame Member AA-RS-MF-S-006 
Industrial 
Metal Supply 
- 
 
007 1 AA-RS-MF-S-007 25 Inch Frame Member AA-RS-MF-S-007 
Industrial 
Metal Supply 
- 
 
008 1 AA-RS-MF-S-008 Wheel Mount Frame Member AA-RS-MF-S-008 
Industrial 
Metal Supply 
- 
 
- 4 9565K65 
Ribbed Square Finishing Plug - 2 
Inch 
- 
McMaster-
Carr 
9565K65 
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- 2 9546K71 
Metal-Core Bumper :: 7/16" - 
20 
- 
McMaster-
Carr 
9546K71 
 
- 1 R-341-TE 
General Utility Rigid Caster :: 4" 
x 1-3/8" 
- 
Hamilton 
Casters 
R-341-TE 
 
- 2 92240A399 
Hex Head Cap Screw :: 7/16 - 
20, 3/4" Long 
- 
McMaster-
Carr 
92240A399 
 
- 4 91247A594 
Grade 5 Cap Screw :: 5/16 - 18, 
2-3/4" Long 
- 
McMaster-
Carr 
91247A594 
 
- 4 92141A030 
Stainless Steel Flat Washer :: 
5/16 Screw Size 
- 
McMaster-
Carr 
92141A030 
 
- 4 91831A030 
Stainless Steel Nylock :: 5/16 - 
18 
- 
McMaster-
Carr 
91831A030 
 
S AL / WL 
 
Side (Left) 
Main Frame - Side Assembly - 
Left 
AA-RS-MF-S-AL / 
AA-RS-MF-S-WL   
 
001 1 AA-RS-MF-S-001 22 Inch Frame Member AA-RS-MF-S-001 
Industrial 
Metal Supply 
- 
 
002 1 AA-RS-MF-S-002 14 Inch Angled Frame Member AA-RS-MF-S-002 
Industrial 
Metal Supply 
- 
 
003 1 AA-RS-MF-S-003 72 Inch Frame Member AA-RS-MF-S-003 
Industrial 
Metal Supply 
- 
 
004 1 AA-RS-MF-S-004 
39.7 Inch Angled Frame 
Member 
AA-RS-MF-S-004 
Industrial 
Metal Supply 
- 
 
005 1 AA-RS-MF-S-005 
15.5 Inch Angled Frame 
Member 
AA-RS-MF-S-005 
Industrial 
Metal Supply 
- 
 
006 1 AA-RS-MF-S-006 42 Inch Frame Member AA-RS-MF-S-006 
Industrial 
Metal Supply 
- 
 
007 1 AA-RS-MF-S-007 25 Inch Frame Member AA-RS-MF-S-007 
Industrial 
Metal Supply 
- 
 
008 1 AA-RS-MF-S-008 Wheel Mount Frame Member AA-RS-MF-S-008 
Industrial 
Metal Supply 
- 
 
- 4 9565K65 
Ribbed Square Finishing Plug - 2 
Inch 
- 
McMaster-
Carr 
9565K65 
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- 2 9546K71 
Metal-Core Bumper :: 7/16" - 
20 
- 
McMaster-
Carr 
9546K71 
 
- 1 R-341-TE 
General Utility Rigid Caster :: 4" 
x 1-3/8" 
- 
Hamilton 
Casters 
R-341-TE 
 
- 2 92240A399 
Hex Head Cap Screw :: 7/16 - 
20, 3/4" Long 
- 
McMaster-
Carr 
92240A399 
 
- 4 91247A594 
Grade 5 Cap Screw :: 5/16 - 18, 
2-3/4" Long 
- 
McMaster-
Carr 
91247A594 
 
- 4 92141A030 
Stainless Steel Flat Washer :: 
5/16 Screw Size 
- 
McMaster-
Carr 
92141A030 
 
- 4 91831A030 
Stainless Steel Nylock :: 5/16 - 
18 
- 
McMaster-
Carr 
91831A030 
 D A 1 Door Door Frame Assembly AA-RS-D-A  
 001 2 AA-RS-D-001 Door Frame Sheathing AA-RS-D-001 Home Depot 332164 
 
002 2 AA-RS-D-002 Door Jam Hard Stop AA-RS-D-002 
McMaster-
Carr 
8382K88 
 
- 16 91257A678 
Grade 8 Hex Cap Screw :: 7/16 -
14, 2-1/4" Long 
- 
McMaster-
Carr 
91257A678 
 
- 24 924141A032 
Stainless Steel Flat Washer :: 
7/16 Screw Size 
- 
McMaster-
Carr 
924141A032 
 
- 16 91831A133 Stainless Steel Nylock :: 7/16-14 - 
McMaster-
Carr 
91831A133 
 
F A 1 Frame Door Steel Frame Assembly 
AA-RS-D-F-A / AA-
RS-D-F-W  
 
001-
HINGE 
1 
AA-RS-D-F-001-
HINGE 
71 Inch Door Frame Member - 
Hinges 
AA-RS-D-F-001-
HINGE 
Online Metals - 
 
001-HS 1 
AA-RS-D-F-001-
HS 
71 Inch Door Frame Member - 
Hard Stop 
AA-RS-D-F-001-HS Online Metals - 
 002 2 AA-RS-D-F-002 31 Inch Door Frame Member AA-RS-D-F-002 Online Metals - 
 003 2 AA-RS-D-F-003 34 Inch Door Frame Member AA-RS-D-F-003 Online Metals - 
 
004 1 AA-RS-D-F-004 
31 Inch Door Frame Member - 
Center 
AA-RS-D-F-004 Online Metals - 
 AS 1 Aerobic Station  AA-AS-Assembly  
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 MF 1 Main Frame  AA-AS-Assembly  
 
001 1 AA-AS-MF-001 
Mild Steel A510 Hot Rolled 
Square Tube 2 inch -Cut 44 
inches 
AA-AS-MF-001 Online Metals - 
 
002 1 AA-AS-MF-002 
Mild Steel A510 Hot Rolled 
Square Tube 2 inch - Cut 24 
inches 
AA-AS-MF-002 Online Metals - 
 
003 1 AA-AS-MF-003 
Mild Steel A510 Hot Rolled 
Square Tube 2 inch -Cut 46 
inches 
AA-AS-MF-003 Online Metals - 
 TS 1 Table Structure    
 
001 2 AA-AS-TS-001 
Hot Rolled Mild Steel Rectangle 
Tube A500 
AA-AS-TS-001 Online Metals - 
 002 1 AA-AS-TS-002 3-Ply RTD Sheathing AA-AS-TS-002 Home Depot 166073 
 LS 1 Leg Structure    
 
001 2 AA-AS-LS-002 
Mild Steel A513 Hot Rolled 
Square Tube 1.5 inches - Cut 28 
inches 
AA-AS-LS-002 Online Metals - 
 
002 1 AA-AS-LS-003 
Mild Steel A513 Hot Rolled 
Square Tube 1.5 inches - Cut 
9.62 inches 
AA-AS-LS-003 Online Metals - 
 
003 2 AA-AS-LS-001 
2x2 Perforated Tubing - 11 
Gauge 19.75 inches 
AA-AS-LS-001 
Industrial 
Metals 
- 
 
004 2 AA-AS-TS-001 
Hot Rolled Mild Steel Rectangle 
Tube A500 
AA-AS-TS-001 Online Metals - 
 
005 3 9546K71 
Threaded Hole, Rubber, Soft, 
7/16"-20 Thread 
Metal - Core 
Bumper 
McMaster-
Carr 
9546K71 
 
006 1 AA-AS-LS-004 
Mild Steel A513 Hot Rolled 
Square Tube 1.5 inches - Cut 
9.62 inches 
AA-AS-LS-004 Online Metals - 
 
007 2 9565K56 
Ribbed, Fits 2" Tube OD and 
1.85"-1.92" Tube ID 
Square Finishing 
Plug For Tubing 
McMaster-
Carr 
9565K56 
 008 2 AA-AS-LS-005  AA-AS-LS-005   
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009 2 AA-AS-LS-005-01 Rigid HDPE Polyethylene AA-AS-LS-005-01 
McMaster-
Carr 
8619K733 
 
010 2 AA-AS-LS-005-02 Rigid HDPE Polyethylene AA-AS-LS-005-02 
McMaster-
Carr 
8619K733 
 
011 2 Pins 
Round Retainer with Tab, 3/8" 
Dameter, 2-1/2 Usage length 
Pins 
McMaster-
Carr 
98480A140 
 WS A 1 Weight Station Existing Donated Frame AA-WS   
 
001 2 AA-WS-MF-001 
Mild Steel A513 Hot Rolled 
Square Tube 2.0 inches - Cut 54 
inches 
AA-WS-MF-001 Online Metals - 
 
002 2 AA-WS-MF-002 
Mild Steel A513 Hot Rolled 
Square Tube 2.0 inches - Cut 8 
inches 
AA-WS-MF-002 Online Metals - 
 
003 1 AA-WS-MF-003 
Mild Steel A513 Hot Rolled 
Square Tube 2.0 inches - Cut 38 
inches 
AA-WS-MF-003 Online Metals - 
 
004 1 AA-WS-MF-004 
Mild Steel A513 Hot Rolled 
Rectangle Tube 2.0 x 1.75 
inches - Cut 2.5 inches 
AA-WS-MF-004 Online Metals - 
 
005 2 AA-WS-MF-005 
Mild Steel A513 Hot Rolled 
Square Tube 2.0 inches - Cut 44 
inches 
AA-WS-MF-005 Online Metals - 
 
006 2 AA-WS-MF-006 
Mild Steel A513 Hot Rolled 
Square Tube 2.0inches - Cut 
12inches 
AA-WS-MF-006 Online Metals - 
 
007 1 AA-WS-MF-007 
Mild Steel A513 Hot Rolled 
Square Tube 1.75 inches - Cut 
12inches 
AA-WS-MF-007 Online Metals - 
 
008 2 AA-WS-MF-008 
Mild Steel A513 Hot Rolled 
Square Tube 2.0 inches - Cut 
15.88 inches 
AA-WS-MF-008 Online Metals - 
 
009 2 R-341-TE 
Hamilton General Utility Rigid 
Caster 
R-341-TE 
Hamilton 
Caster 
R-341-TE 
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010 6 9565K65 
Square Finishing Plug for 
Tubing 
9565K65 
McMaster-
Carr 
9565K65 
 
011 2 1650A2 
Weld-on Stamped Steel Oval-
Grip Pull Handle 
1650A2 
McMaster-
Carr 
1650A2 
 
012 6 9546K71 Metal Core Bumper 9546K71 
McMaster-
Carr 
9546K71 
 
013 8 91247A594 
Medium-Strength Grade 5 Zinc-
Plated Steel Cap Screw - 5/16 
Inch 
91247A594 
McMaster-
Carr 
91247A594 
 
014 8 92141A032 
Type18-8 Stainless Steel Flat 
Washer - 5/16 Inch 
92141A032 
McMaster-
Carr 
92141A032 
 
015 8 91831A030 
Type18-8 Stainless Steel Nylon-
Insert Locknut - 5/16 Inch 
91831A030 
McMaster-
Carr 
91831A030 
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Appendix G: Analysis and Calculations 
 
Resistance Band Station 
 
 
 
Structure Tipping Calculations  Structure Slipping Calculations 
NOTE :: This calculation assumes that the most rear portion of the station, 
specifically on the back bumper, has a reaction force of zero. This is so we can 
see whether or not the weight of the entire system at the center of mass, will not 
result in tipping.  
NOTE :: This calculation looks at the idea 
of overcoming static friction and slipping 
under the assumed max loading case 
Max Loading in Positive X & Negative Y Direction at 
Top Eyebolt Due to 45 Degree Resultant Force (lbf) 
50 
 
Max Loading in Positive X 
Direction (Lbf) 
50 
Approximate Coefficient of Friction 0.6 
 
Approximate Coefficient of 
Friction 
0.4 
Weight of System Needed (Lbf) 120.6687625 
 
Max Friction Force (Lbf) 58.4 
Do We Tip? No!  Do We Slip? No! 
Theoretical Tipping Safety Factor 1.209923737 
 
Theoretical Slipping Safety 
Factor 
1.168 
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Resistance Band Station 
 
Frame Material Parameters 
 
Top Beam Bending Calculations - Modified Goodman 
Tensile Strength 
(psi) 
51,764 
 
Beam & Loading Parameters Loading Condition Parameters Final Calculations 
Yield Strength 
(psi) 
29,579 
 
Beam Length (Inches) 22 
Fatigue Stress Concentration 
Factor (Kfs) 
2 
T-butt Joint with Sharp Corners 
Factor 
Tau Prime (PSI) 113.1541726 
Electrode Material 
Parameters  
X-Direction Force (Lbf) 50 
Second Moment of Area 
(Inches^4) 
0.5891666667 - 
Tau Double Prime 
(PSI) 
3734.087694 
Tensile Strength 
(psi) 
70000 
 
Y-Direction Force (Lbf) 50 
Surface Condition Modification 
Factor (Ka) 
1.113504005 
Machined & Ultimate Tensile 
Strength of Material 
Total Tau (PSI) 3735.801758 
Yield Strength 
(psi) 
570000 
 
Reaction Shear at Fixed 
Edge - V (Lbf) 
50 Size Modification Factor (Kb) 0.8255286646 
de = 0.808*(h*b)^1/2 for 
rectangular / square tubing 
Alternating Stress - 
Sigma A (PSI) 
1867.900879 
Square Tube Parameters 
   
Load Modification Factor (Kc) 1 Bending 
Mean Stress - Sigma M 
(PSI) 
1867.900879 
Side Length 
(Inches) 
2 
   
Temperature Modification 
Factor (Kd) 
1 None Factor Of Safety 12.77310836 
Wall Thickness 
(Inches) 
0.12 
   
Reliability Factor (Ke) 1 None 
  
Tube Weld Parameters 
   
Miscellaneous Effects 
Modification Factor (Kf) 
1 None 
  
Weld Thickness 
(t/h) 
0.15625 
   
Endurance Limit - Se (psi) 23791.49724 
   
Throat Area (A) 0.441875         
Handle Weld Parameters         
Weld Thickness 
(t/h) 
0.125 
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Resistance Band Station 
 
Bottom Beam Calculations - Modified Goodman 
 
Bottom Beam Calculations - Modified Goodman 
Beam & Loading 
Parameters 
Loading Condition Parameters Final Calculations 
 
Loading & Handle 
Parameters 
Loading Condition Parameters Final Calculations 
Beam 
Length 
(Inches) 
35.375 
Fatigue Stress 
Concentration 
Factor (Kfs) 
2 
T-butt Joint with 
Sharp Corners 
Factor 
Tau Prime 
(PSI) 
113.1541726 
 
Y-
Direction 
Force 
(Lbf) 
36.8025 
Fatigue Stress 
Concentration 
Factor (Kfs) 
2.7 
End of 
Parallel 
Fillet 
Weld 
Tau Prime 
(PSI) 
281.0940594 
X-
Direction 
Force 
(Lbf) 
50 
Second 
Moment of 
Area 
(Inches^4) 
0.5891666667 - 
Tau 
Double 
Prime 
(PSI) 
6004.243281 
 
Handle 
Yield 
Strength 
(PSI) 
53700 
Shear Area 
(Inches^2) 
0.3535 - 
Alternating 
Stress - 
Sigma A 
(PSI) 
281.0940594 
Y-
Direction 
Force 
(Lbf) 
50 
Surface 
Condition 
Modification 
Factor (Ka) 
1.113504005 
Hot Rolled & 
Ultimate Tensile 
Strength of 
Material 
Total Tau 
(PSI) 
6005.309422 
 
Handle 
Ultimate 
Strength 
(PSI) 
63800 
Surface 
Condition 
Modification 
Factor (Ka) 
0.6609617391 
As 
Forged 
Mean 
Stress - 
Sigma M 
(PSI) 
0 
Reaction 
Shear at 
Fixed 
Edge - V 
(Lbf) 
50 
Size 
Modification 
Factor (Kb) 
0.6769687657 
de = 
0.808*(h*b)^1/2 
for rectangular / 
square tubing 
(1.414) 
Alternating 
Stress - 
Sigma A 
(PSI) 
3002.654711 
   
Size 
Modification 
Factor (Kb) 
1 
Uniform 
Stress 
on 
Throat 
Factor Of 
Safety 
35.90661768 
  
Load 
Modification 
Factor (Kc) 
1 Bending 
Mean 
Stress - 
Sigma M 
(PSI) 
3002.654711 
   
Load 
Modification 
Factor (Kc) 
0.59 Shear 
  
  
Temperature 
Modification 
Factor (Kd) 
1 None 
Factor Of 
Safety 
6.555604854 
   
Temperature 
Modification 
Factor (Kd) 
1 None 
  
  
Reliability 
Factor (Ke) 
1 None 
     
Reliability 
Factor (Ke) 
1 None 
  
  
Miscellaneous 
Effects 
Modification 
Factor (Kf) 
1 None 
     
Miscellaneous 
Effects 
Modification 
Factor (Kf) 
1 None 
  
  
Endurance 
Limit - Se (psi) 
19510.04394 
      
Endurance 
Limit - Se (psi) 
10093.13692 
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Resistance Band Station 
 
Frame Material 
Parameters  
Top Beam Bending Calculations - Modified Goodman 
Tensile Strength 
(psi) 
51,764 
 
Beam & Loading 
Parameters 
Endurance Limit Modifying Factors 
Notch Sensitivity 
Factors 
Final Calculations 
Yield Strength 
(psi) 
29,579 
 
Beam Length 
(Inches) 
22 
Surface Condition 
Factor - Ka 
1.073177105 
Machined & Ultimate 
Tensile Strength of 
Material 
d/w Ratio 0.21875 Bending Stress (PSI) 3762.870728 
Square Tube Parameters 
 
X-Direction 
Force (Lbf) 
50 
Size Modification 
Factor - Kb 
0.8255286646 
de = 0.808*(h*b)^1/2 for 
rectangular / square 
tubing 
d/h Ratio 0.21875 
Alternating Stress - 
Sigma A (PSI) 
1881.435364 
Side Length 
(Inches) 
2 
 
Y-Direction 
Force (Lbf) 
50 
Load Modification 
Factor - Kc 
1 Bending 
Kt 
Approximation 
2.25 
Mean Stress - Sigma 
M (PSI) 
1881.435364 
Wall Thickness 
(Inches) 
0.12 
 
Area Moment of 
Inertia 
(Inches^4) 
0.29233 
Temperature 
Modification Factor - 
Kd 
1 None 
Q 
Approximation 
0.7 
Modified Alternating 
Stress - Sigma Prime 
A (PSI) 
3527.691308 
Perforated Hole 
Diameter 
(Inches) 
0.4375 
 
Tube Area 
(Inches^2) 
0.4656 
Reliability Factor - 
Ke 
1 None 
Kf 
Approximation 
1.875 Factor Of Safety 14.67361951 
Perforated Hole 
Radius (Inches) 
0.21875 
   
Miscellaneous 
Factor - Kf 
1 None 
    
     
Endurance Limit - 
S'e (PSI) 
25882 0.5*Sut 
    
     
Modified Endurance 
Limit - Se (PSI) 
22929.85927 
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Resistance Band Station 
 
Bottom Beam Bending Calculations - Modified Goodman 
 
Vertical Beam Bending Calculations - Modified Goodman 
Beam & 
Loading 
Parameters 
Endurance Limit Modifying 
Factors 
Notch Sensitivity 
Factors 
Final Calculations 
 
Beam & 
Loading 
Parameters 
Endurance Limit Modifying Factors 
Notch Sensitivity 
Factors 
Final 
Calculations 
Beam 
Length 
(Inches) 
35.37
5 
Surface 
Condition 
Factor - Ka 
1.07 
Machined & 
Ultimate 
Tensile 
Strength of 
Material 
d/w Ratio 0.01 
Bending 
Stress 
(PSI) 
6050.525
092 
 
Beam 
Length 
(Inches) 
72 
Surface 
Condition 
Factor - Ka 
1.07 
Machined & 
Ultimate 
Tensile 
Strength of 
Material 
d/w Ratio 0.00 
Bending 
Stress 
(PSI) 
12,314.
85 
X-
Directio
n Force 
(Lbf) 
50 
Size 
Modificatio
n Factor - 
Kb 
0.83 
de = 
0.808*(h*b)
^1/2 for 
rectangular 
/ square 
tubing 
d/h Ratio 0.01 
Alternati
ng 
Stress - 
Sigma 
A (PSI) 
3025.262
546 
 
X-
Directio
n Force 
(Lbf) 
50 
Size 
Modificatio
n Factor - 
Kb 
0.83 
de = 
0.808*(h*b)
^1/2 for 
rectangular 
/ square 
tubing 
d/h Ratio 0.00 
Alternati
ng 
Stress - 
Sigma 
A (PSI) 
6,157.4
2 
Y-
Directio
n Force 
(Lbf) 
50 
Load 
Modificatio
n Factor - 
Kc 
1 Bending 
Kt 
Approxima
tion 
2.25 
Mean 
Stress - 
Sigma 
M (PSI) 
3025.262
546 
 
Y-
Directio
n Force 
(Lbf) 
50 
Load 
Modificatio
n Factor - 
Kc 
1 Bending 
Kt 
Approxima
tion 
2.25 
Mean 
Stress - 
Sigma 
M (PSI) 
6,157.4
2 
Area 
Moment 
of 
Inertia 
(Inches
^4) 
0.292
33 
Temperatu
re 
Modificatio
n Factor - 
Kd 
1 None 
Q 
Approxima
tion 
0.7 
Modifie
d 
Alternati
ng 
Stress - 
Sigma 
Prime A 
(PSI) 
5672.367
273 
 
Area 
Moment 
of 
Inertia 
(Inches
^4) 
0.292
33 
Temperatu
re 
Modificatio
n Factor - 
Kd 
1 None 
Q 
Approxima
tion 
0.7 
Modifie
d 
Alternati
ng 
Stress - 
Sigma 
Prime A 
(PSI) 
11,545.
17 
Tube 
Area 
(Inches
^2) 
0.465
6 
Reliability 
Factor - Ke 
1 None 
Kf 
Approxima
tion 
1.87
5 
Factor 
Of 
Safety 
9.125643
229 
 
Tube 
Area 
(Inches
^2) 
0.465
6 
Reliability 
Factor - Ke 
1 None 
Kf 
Approxima
tion 
1.87
5 
Factor 
Of 
Safety 
4.48 
  
Miscellane
ous Factor 
- Kf 
1 None 
       
Miscellane
ous Factor 
- Kf 
1 None 
    
  
Endurance 
Limit - S'e 
(PSI) 
25882 0.5*Sut 
       
Endurance 
Limit - S'e 
(PSI) 
25882 0.5*Sut 
    
  
Modified 
Endurance 
Limit - Se 
(PSI) 
22,929.
86 
        
Modified 
Endurance 
Limit - Se 
(PSI) 
22929.85
927 
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Resistance Band Station 
 
7/16 Screw Parameters 
 
Door Connection Screw Shear Stress 
Calculations  
Door Connection Hinge Shear Stress Calculations 
Tensile Strength (PSI) 150,000  Double Shear  Door Assembly Parameters Single Shear 
Yield Strength (PSI) 130,000 
 
Shear Stress - Tau (PSI) 159.5582286 
 
Door Assembly Weight (Lbf) 65 
Resultant Force on Screws 
(Lbf) 
36.33610463 
Proof Strength (PSI) 120,000 
 
Shear Stress Across Single 
Screw (PSI) 
13.29651905 
 
Vertical Hinge Reactions 
(Lbf) 
32.5 Shear Stress - Tau (PSI) 380.9280217 
Minor Diameter (Inches) 0.3485 
 
Factor of Safety Overall 752.0765369 
 
Vertical Distance to Hinges 
(Inches) 
32.5 
Shear Stress Across Single 
Screw (PSI) 
63.48800361 
Door Sheathing Parameters 
    
Horizontal Hinge Reactions 
(Lbf) 
16.25 Factor of Safety Overall 315.0201434 
Sheet Thickness (Inches) 0.25         
Weight (Lbf) 7.61         
Hinge Parameters         
Leaf Thickness (Inches) 0.12         
Yield Strength (PSI) 31200         
5/16 Screw Parameters         
Screw Minor Diameter 
(Inches) 
0.2431 
        
Tensile Strength (PSI) 120,000         
Yield Strength (PSI) 92,000         
Proof Strength (PSI) 85,000         
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Resistance Band Station 
 
Door Connection Hinge Bearing Stress Calculations 
Door Assembly Parameters Bearing in Bolts Bearing in Hinges 
Door Assembly Weight (Lbf) 65 Bearing Stress - Sigma (PSI) 434.4345365 Bearing Stress - Sigma (PSI) 434.4345365 
Vertical Hinge Reactions (Lbf) 32.5 Factor of Safety 276.2211333 Factor of Safety 71.81749465 
Vertical Distance to Hinges (Inches) 32.5     
Horizontal Hinge Reactions (Lbf) 16.25     
Resultant Force on Screws (Lbf) 36.33610463     
 
 
Wheel Connection Bearing and Shear Stress 
Wheel Parameters Bearing in Bolts Bearing in Hinges 
Vertical Hinge Reactions (Lbf) 34.49271323 Bearing Stress - Sigma (PSI) 567.547729 Bearing Stress - Sigma (PSI) 567.547729 
Horizontal Hinge Reactions (Lbf) 64.3370246 Factor of Safety 149.7671397 Factor of Safety 54.97335009 
Leaf Thickness (Inches) 0.125     
Yield Strength (PSI) 31200     
171 
 
Aerobic Station 
 
Aerobic Station - Properties  
 Aerobic Station - Table 
Strength  Aerobic Station - Tipping 
Table 
Width of table 12 
inches  
 
Inertia 0.08  
Max force for 
hand bike use Infinite 
Length of table 23 
inches  
 
Max bending  0.07  
Max force 
from leaning 54.02352816 
Elastic modulus 
of wood 
1010000 
psi  
 
Q 0.78    
Weight of hand 
bike 
10.4 
lb  
 
Momentum 1150.00  Aerobic Station - Buckling 
Weight of 
wood 
7.5 
lb  
 Stress in the x 
direction 30365.19  Inertia 0.22 
Thickness of 
wood 
0.5 
inch  
 
V 100.00  Buckling 51034.39 
c 0.25 inches   Shear stress 0.00    
Forces 
Distributed 
force 
4.347826087 
lb/inch  
 
Sigma 30365.19    
Max yield 
strength 
1668 
psi  
 
Factor of safety 1.91    
Metal Rods 
Elastic modulus 
steel 
29000000 
psi  
 Factor of safety 
with 2 rods 3.82    
Height 1 inch        
Width 2.5 inch        
Thickness 0.06 inch        
c 0.5 inch        
Max yield 
strength 
58000 
  
 
     
Structure for 
tipping 
Bottom length 14.169 inches        
Weight 61.672 lb        
Table distance 16.175 inches        
Center of hand 
bike 
8.225 
inches  
 
     
Legs 
Length of tube 35 inches        
Load 60.4 weight        
n 1         
L_o 1.5 inches        
L_i 1.25 inches        
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Weight Station 
 
Weight Station - Tipping  Weight Station - Far Splice Weld  Weight Station - Full Bar Strength 
Weight 228.33 Lb  b 2 in  d 2 in 
CoM X 10.42 In  d 2 in  t 0.0625 in 
CoM Y 20.97 In  h 0.03125 in  I 0.3033650716 in 
N Dist 32 In  A 0.17675 in  W_fly 15.72 lb 
Load Y Dist 74.5 In  Iu 5.333333333 in3  F_latpull 50 lb 
Load X Dist 42.8 In  W_fly 15.72 lb   100 lb 
Load X 50 Lb  F_latpull 50 lb  M (50) 2266.86 lb-in 
Load Y 50 Lb   100 lb  M (100) 4329.36 lb-in 
Friction 0.6   M (50) 1504.36 lb-in  
sigma 
(50) 7472.382987 psi 
For 50 lb  M (100) 2804.36 lb-in  
sigma 
(100) 14271.12217 psi 
F req tip 57.76508089 115.5301618  
sigma 
(50) 282.0675 psi  
Yield 
Strength 72000 psi 
F req slide 166.998   
sigma 
(100) 525.8175 psi  
Factor of 
Safety 
(50 lb) 9.635480425  
FS Tipping 2.310603236   
Yield 
Strength 72000 psi  
Factor of 
Safety 
(100 lb) 5.045153361  
FS Sliding 3.33996    Yield    Yield  
    
Factor of 
Safety 
(50 lb) 255.2580499   Fatigue 
For Full 100 lb  
Factor of 
Safety 
(100 lb) 136.9296381   ka 0.8267822841 Machined/cold 
FS Tipping 1.155301618   Fatigue  kb 0.8048525374 
Bending, 
effective dia 
FS Sliding 1.66998   ka 0.8267822841 Machined/cold  kc 1 bending 
    kb 0.8048525374 
Bending, 
effective dia  kd 1 room temp 
    kc 1 bending  ke 0.814 99% 
    kd 1 room temp  kf 1  
    ke 0.814 99%  Se' 43500 psi 
    kf 1   Sut 87 kpsi 
    Se' 43500 psi  Se 23562.48774  
    Sut 87 kpsi  
Factor of 
Safety 
(50 lb) 3.153276242  
    Se 23562.48774   
Factor of 
Safety 
(100 lb) 1.651060614  
    
Factor of 
Safety 
(50 lb) 83.53492601      
    
Factor of 
Safety 
(100 lb) 44.81115167      
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Weight Station 
 
Purpose:   
Analysis of connection between the wheel mounting plate and weight station frame, employing 
SAE grade 5 bolts.  When the transporting the weight station, the bolts will experience a shear 
force, 211 lb., imposed by the weight of the station. Find the factor of safety for each possible 
mode of failure. 
 
Assume: 
F = 211lbf 
Grade- 5 Bolts: kpsiS y 81 kpsikpsiSsy 74.4681*577.0   
A513 Steel- psiS y 000,72   
Schematic:  
                        
Analysis: 
Shear On Bolts: 
psi
in
lbf
A
F
s
y
687
3068.0
211
2
                          68
687.0
74.46

kpsi
kpsiS sy

  
Bearing on Bolts: 
psi
in
lbf
A
F
b
y
b 204
0326.1
211
2

                       
397
204.0
81

kpsi
kpsiS
b
y

  
Tension on Members: 
psi
in
lbf
A
F
t
y
m 1125
1875.0
211
2

                    
64
125,1
000,72

psi
psiS
m
y

  
Bearing on Members: 
352
204
000,72

psi
psiS
m
y

  
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Weight Station 
 
Purpose:   
 Find the vertical distance )( yD , from the pivot point, where the handles should be placed, to 
allow the weight station to tip with a pulling force of 40lbf.  
 
Known: 
Weight of weight station: lbfW 230  
Moment arm of station: .086 ftDx   
Pulling force at handles: lbfFpull 44  
Coefficient of friction: 45.0 (rubber on wet concrete) 
Schematic: 
 
Analysis: 
Sum the Moments about pivot point: 
0.  ypullxpivotp DFWDM  
ft
lbf
ftlbf
F
WD
D
pull
x
y 5.4
44
86.0*230
  
Verify weight machine will not slide, before tipping: 
lbfWFnormal 230  
lbflbfFF normalfriction 5.10345.0*230    
pullfriction FF       Machine will not slip before tip. 
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Appendix H: DVP&R Chart 
 
Design Verification Plan  
Report 
Date 
 
1/27/2016 Sponsor Michael Lara, 
Aline Graham 
   
Component/Assembly Weight 
Station 
 
REPORTING 
ENGINEER: 
B Koch  
TEST PLAN TEST REPORT 
Item 
No 
Clause 
Reference Test Description Acceptance Criteria 
Test  
Responsibility Test Stage 
SAMPLES TESTED TIMING TEST RESULTS 
NOTES 
Quantity Type Start date Finish date 
Test Result Quantity Pass 
Quantity Fail 
1 1.1-3 
Machine 
Dimensions 
Dimensions 
should be within 
footprints given 
Bibi PV 1 C 5/3/2016 5/3/2016 Pass Pass 
  
2 1.14 
Distance 
Between Moving 
and Fixed 
Components 
Inspection 
2.36 in minimum Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
 
User more than 4 
inches away 
3 1.16 
Pinch Point 
Inspection 
0.98 in minimum Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
 
No visible pinch 
points when 
operating 
machine 
4 3.1.1 
Static Loading 
Test of Weight 
Station 
100 lb max Bibi PV 1 C 5/13/2016 5/13/2016 Pass Pass 
 
For lat pulldown 
5 3.6 
Force Required 
to Activate 
Adjustment 
Mechanisms 
6.7 lbf Bibi PV 1 C 5/17/2016 5/17/2016 <1 lbf Pass 
  
6 3.7 
Maximum 
Incremental 
Weight 
5.5 lbf Bibi PV 1 C 5/31/2016 5/31/2016 10 lbf Fail 
 
Increments 
dictated by 
existing weight 
station 
7 5.4 
Weight Stack 
Dampening 
60 dB comfort 
level 
Bibi PV 1 C 5/3/2016 5/3/2016 
100 dB 
level 
Fail 12 drops 
Add foam in 
between each 
weight stack and 
repeat 
8 6.1 
Initial User Force 
Required 
Maximum 16.5 lb Bibi PV 1 C 5/17/2016 5/17/2016 10 lb Pass 
  
9 7.4 
Stability of 
Individual 
Machines 
Stable when 
inclined at 10 
degrees and max 
weight used 
Bibi PV 1 C 5/16/2016 5/16/2016 Pass Pass 
 
No tipping 
10 7.4 
Stability of 
Individual 
Machines 
Machine must not 
slide or tip at max 
force 
Bibi PV 1 C 5/3/2016 5/3/2016 140 Pass 
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11 7.5 
Wheelchair 
Stability 
0.6 coefficient of 
friction between 
rubber and vinyl 
Bibi PV 1 C 5/16/2016 5/16/2016 Pass Pass 
  
12 7.6 
Pulley 
Disengagement 
Test pulley by 
applying 4.5 lbf at 
90 degree angle to 
pulley, cable 
should not come 
off 
Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
  
13 8.1.1 
Wheelchair 
Maneuverability 
Clearance 
(Forward) 
36"x24" Space Bibi PV 1 C 5/3/2016 5/3/2016 
38.5xinfinit
e 
Pass 
  
14 8.1.2 
Wheelchair 
Maneuverability 
Clearance 
(Parallel) 
60" x 15" Space Bibi PV 1 C 5/3/2016 5/3/2016 
38.5Xinfinit
e 
Pass 
  
15 8.3 Forward Reach 11.8 in max Bibi PV 1 C 5/16/2016 5/16/2016 Infinite Pass   
16 8.4 
Color Contrast of 
Hand Grips 
Significant color 
contrast to 
adjacent surface 
Bibi PV 1 C 5/18/2016 5/18/2016 
Black on 
the blue 
Pass 
  
17 11.1 
Wheels and 
Handles 
Minimal force to tip 
and push each 
station around 
Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
  
18 11.2 
Machine 
Transportation 
Clearance 
Fit through 
standard door size 
6' x 2.5' 
Bibi PV 1 C 5/16/2016 5/16/2016 
Too big (in 
picture) 
 
Fail 
Clearance for 
wheelchair 
prevents 
clearance for 
single door 
19 11.3 
Station 
Decoupling 
10 parts or less to 
be removed in less 
than 5 minutes 
Bibi PV 1 C 5/18/2016 5/18/2016 2 minutes Pass 
  
20  Cable testing 50 lbs 
Bibi 
PV 1 C 5/18/2016 5/18/2016 
Over 50 
lbs Pass   
 
Report 
Date 
 
1/27/2016 Sponsor Michael 
Lara, Aline 
Graham    
Component/Assembly Resistance 
Station 
 
REPORTING 
ENGINEER: 
E Woods  
TEST PLAN TEST REPORT 
Item 
No 
Specification 
or Clause 
Reference 
Test Description Acceptance Criteria 
Test  
Responsibility Test 
Stage 
SAMPLES TESTED TIMING TEST RESULTS 
NOTES 
Quantity Type Start date Finish date 
Test Result Quantity Pass 
Quantity Fail 
1 1.1-3 
Machine 
Dimensions 
Dimensions 
should be within 
footprints given 
Bibi PV 1 C 4/25/2016 4/25/2016 Pass 
Fully 
Passed 
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2 1.14 
Distance 
Between Moving 
and Fixed 
Components 
Inspection 
2.36 in minimum Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
  
3 1.16 
Pinch Point 
Inspection 
0.98 in minimum Bibi PV 1 C 5/17/2016 5/17/2016 1 (0.5 in) Pass 
 
Possible door 
closing pinch 
point, will be 
moved by 
assistance 
4 3.1.1 
Static Loading 
Test of 
Resistance 
Station 
50 lb max Bibi PV 1 C 5/17/2016 5/17/2016 250 lb Pass 
 
125 lb on each 
top extending bar 
5 3.5 
Spring 
Characteristics of 
Resistance 
Tubing 
Max Force of 50 lb 
at maximum 
deflection 
Bibi PV 1 C 5/18/2016 5/18/2016 >50 Pass 
  
6 3.6 
Force Required 
to Activate 
Adjustment 
Mechanisms 
6.7 lbf Bibi PV 1 C 5/17/2016 5/17/2016 1 lbf Pass 
 
Force to open 
carabiner 
7 6.1 
Initial User Force 
Required 
Maximum 16.5 lb Bibi PV 1 C 5/17/2016 5/17/2016 2 lbf Pass 
 
Beginner level 
resistance band 
begins to deflect 
8 7.4 
Stability of 
Individual 
Machines 
Stable when 
inclined at 10 
degrees and max 
weight used 
Bibi PV 1 C 5/16/2016 5/16/2016 Pass Pass 
  
9 7.4 
Stability of 
Individual 
Machines 
Machine must not 
slide or tip at max 
force 
Bibi PV 1 C 4/25/2016 4/25/2016 150 lbs Pass 
  
10 7.5 
Wheelchair 
Stability 
0.6 coefficient of 
friction between 
rubber and vinyl 
Bibi PV 1 C 4/25/2016 4/25/2016 Pass Pass 
  
11 8.1.1 
Wheelchair 
Maneuverability 
Clearance 
(Forward) 
36"x24" Space Bibi PV 1 C 4/25/2016 4/25/2016 39.5x36 Pass 
  
12 8.1.2 
Wheelchair 
Maneuverability 
Clearance 
(Parallel) 
60" x 15" Space Bibi PV 1 C 4/25/2016 4/25/2016 
39.5xinfinit
e  
Pass 
  
13 8.3 Forward Reach 11.8 in max Bibi PV 1 C 5/16/2016 5/16/2016 Infinite Pass   
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14 8.4 
Color Contrast of 
Hand Grips 
Significant color 
contrast to 
adjacent surface 
Bibi PV 1 C 5/16/2016 5/16/2016 
Black on 
Blue 
Pass 
  
15 11.1 
Wheels and 
Handles 
Minimal force to tip 
and push each 
station around 
Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
  
16 11.2 
Machine 
Transportation 
Clearance 
Fit through 
standard door size 
6' x 2.5' 
Bibi PV 1 C 5/16/2016 5/16/2016 
Too big 
(see photo) 
 
Fail 
Clearance for 
wheelchair 
prevents 
clearance for 
single door 
17 11.3 
Station 
Decoupling 
10 parts or less to 
be removed in less 
than 5 minutes 
Bibi PV 1 C 5/18/2016 5/18/2016 2 minutes Pass 
  
 
Report 
Date 
 
1/27/2016 Sponsor Michael Lara, 
Aline Graham 
   
Component/Assembly: Aerobic 
Station 
 
REPORTING 
ENGINEER: 
E Woods  
TEST PLAN TEST REPORT 
Item 
No 
Specificati
on or 
Clause 
Reference 
Test Description Acceptance Criteria 
Test  
Responsibility 
Test 
Stage 
SAMPLES TESTED TIMING TEST RESULTS 
NOTES 
Quantity Type Start date Finish date 
Test Result Quantity Pass 
Quantity Fail 
1 1.1-3 
Machine 
Dimensions 
Dimensions 
should be within 
footprints given 
Bibi PV 1 C 5/9/2016 5/9/2016 Pass Pass 
  
2 1.14 
Distance 
Between Moving 
and Fixed 
Components 
Inspection 
2.36 in minimum Bibi PV 1 C 5/17/2016 5/17/2016 3 in Pass 
 
Distance 
between moving 
handle and table 
3 3.1.1 
Static Load Test 
of Aerobic 
Station 
50 lb max Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
 
Deflection occurs 
but welds remain 
strong 
4 3.6 
Force Required 
to Activate 
Adjustment 
Mechanisms 
6.7 lbf Bibi PV 1 C 5/17/2016 5/17/2016 >12 lb  
 
Fail 
50 N spring scale 
used, 
deformation from 
welding causes 
binding, minimal 
need for 
adjustment most 
likely 
5 6.1 
Initial User Force 
Required 
Maximum 16.5 lb Bibi PV 1 C 5/17/2016 5/17/2016 2 lb Pass 
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6 7.4 
Stability of 
Individual 
Machines 
Stable when 
inclined at 10 
degrees and max 
weight used 
Bibi PV 1 C 5/16/2016 5/16/2016 Pass Pass 
 
No tipping 
7 7.4 
Stability of 
Individual 
Machines 
Machine must not 
slide or tip at max 
force 
Bibi PV 1 C 5/17/2016 5/17/2016 Pass Pass 
 
Does not tip 
when user leans 
on front edge of 
machine 
8 7.5 
Wheelchair 
Stability 
0.6 coefficient of 
friction between 
rubber and vinyl 
Bibi PV 1 C 5/16/2016 5/16/2016 Pass Pass 
 
No movement 
9 8.1.1 
Wheelchair 
Maneuverability 
Clearance 
(Forward) 
36"x24" Space Bibi PV 1 C 5/9/2016 5/9/2016 24xinfinite Pass 
  
10 8.1.2 
Wheelchair 
Maneuverability 
Clearance 
(Parallel) 
60" x 15" Space Bibi PV 1 C 5/9/2016 5/9/2016 Pass Pass 
  
11 8.3 Forward Reach 11.8 in max Bibi PV 1 C 5/16/2016 5/16/2016 Infinite Pass   
12 8.4 
Color Contrast of 
Hand Grips 
Significant color 
contrast to 
adjacent surface 
Bibi PV 1 C 5/18/2016 5/18/2016 
Black on 
the blue 
Pass 
  
13 11.2 
Machine 
Transportation 
Clearance 
Fit through 
standard door size 
6' x 2.5' 
Bibi PV 1 C 5/16/2016 5/16/2016 Fits Pass 
  
14 11.3 
Station 
Decoupling 
10 parts or less to 
be removed in less 
than 5 minutes 
Bibi PV 1 C 5/18/2016 5/18/2016 2 minutes Pass 
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Appendix I: DFMEA 
FAILURE MODE AND EFFECTS ANALYSIS - Resistance Band Station 
 
Item: Resistance Band Station 
 
Responsibility: Robert Cory Molloy 
  
FMEA 
Number: 
1 
Model: Resistance Band Station  Prepared by: Robert Cory Molloy   Page: 1 of 1 
Core 
Team: 
Robert Cory Molloy (Engineering), Emily Woods (Engineering), Oscar Andrade (Engineering), Bibi 
Koch (Engineering) 
  
FMEA 
Date 
(Orig): 
01/17/16 Rev: 1 
 
Componen
t / Function 
Potential 
Failure 
Mode 
Potential 
Cause(s) 
Mechanism(s) of 
Failure 
Local Effects of 
Failure 
Next Higher 
Level Effect 
System Level End 
Effect 
P S D D Time 
Risk 
Priority 
Number 
Recommended 
Action(s) 
Target 
Completion 
Date 
Action Results 
Actions Taken P S D RPN 
Eyebolts 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
Cracking or 
Catastrophic 
Failure in 
Eyebolt 
Inability to Use 
The Eyebolt to 
Train  
1 7 4 1 Month 28 
None - Eyebolts 
are Rated for 
1250 Lbf Loads 
- 
Cheaper eyebolts 
with 144 lbf 
purchased 
1 7 4 28 
Upper 
Structure 
Beams 
Weld 
Fracture 
Cyclic Loading 
from Athletes 
Cracking or 
Chipping of 
Weld 
Beam 
Separation 
from Frame 
Inability to Use 
That Portion to 
Train 
4 10 4 1 Month 160 
Run Weldment 
Calculations for 
Beams 
1/14/16 
Ran Weldment 
Calculations to Prove 
That Factor of Safety 
on Welds is 12, 
welding inspection 
1 10 4 40 
 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
More Induced 
Bending of 
Frame 
Inability to Use 
Entire Station 
3 10 4 1 Month 120 
Run Fatigue 
Calculations to 
See How Rigid 
the Beam Will 
Be 
1/14/16 
Ran Fatigue 
Calculations to Show 
Beam will Last 
Infinite Life with a 
Factor of Safety of 6 
2 10 4 80 
Lower 
Structure 
Beams 
Weld 
Fracture 
Cyclic Loading 
from Athletes 
Cracking or 
Chipping of 
Weld 
Beam 
Separation 
from Frame 
Inability to Use 
That Portion to 
Train 
4 10 4 1 Month 160 
Run Weldment 
Calculations for 
Beams 
1/14/16 
Ran Weldment 
Calculations to Prove 
That Factor of Safety 
on Welds is 10+, 
weld inspection 
1 10 4 40 
 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
More Induced 
Bending of 
Frame 
Inability to Use 
Entire Station 
3 10 4 1 Month 120 
Run Fatigue 
Calculations to 
See How Rigid 
the Beam Will 
Be 
1/14/16 
Ran Fatigue 
Calculations to Show 
Beam will Last 
Infinite Life with a 
Factor of Safety of 9 
2 10 4 80 
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Vertical 
Support 
Beams 
Weld 
Fracture 
Cyclic Loading 
from Athletes 
Cracking or 
Chipping of 
Weld 
Beam 
Separation 
from Frame 
Inability to Use 
Entire Station 
1 10 4 1 Month 40 
None unless 
testing and 
further analysis 
proves 
otherwise 
- 
Weld inspection by 
welding professor 
1 10 4 40 
 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
More Induced 
Bending of 
Frame 
Inability to Use 
Entire Station 
3 10 4 1 Month 120 
Run Fatigue 
Calculations to 
See How Rigid 
the Beam Will 
Be 
1/14/16 
Ran Fatigue 
Calculations to Show 
Beam will Last 
Infinite Life with a 
Factor of Safety of 4 
2 10 4 80 
Upper 
Angled 
Support 
Beams 
Compres
sion 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Cracking in 
Members or 
Welds 
Buckling of 
Member or 
Breaking of 
Weld 
Inability to Use 
Entire Station 
1 10 4 1 Month 40 
None unless 
testing and 
further analysis 
proves 
otherwise 
- - - - - - 
 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
More Induced 
Bending of 
Frame 
Inability to Use 
Entire Station 
2 10 4 1 Month 80 
None unless 
testing and 
further analysis 
proves 
otherwise 
- - - - - - 
Lower 
Angled 
Support 
Beams 
Compres
sion 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Cracking in 
Members or 
Welds 
Buckling of 
Member or 
Breaking of 
Weld 
Inability to Use 
Entire Station 
1 10 4 1 Month 40 
None unless 
testing and 
further analysis 
proves 
otherwise 
- - - - - - 
 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
More Induced 
Bending of 
Frame 
Inability to Use 
Entire Station 
2 10 4 1 Month 80 
None unless 
testing and 
further analysis 
proves 
otherwise 
- - - - - - 
Upper 
and 
Lower 
Horizonta
l Beams 
No 
Failure 
Possibiliti
es Shown 
- - - - - - - - - - - - - - - - 
Back 
Angled 
Beams 
No 
Failure 
Possibiliti
es Shown 
- - - - - - - - - - - - - - - - 
Back 
Vertical 
Beams 
No 
Failure 
Possibiliti
es Shown 
- - - - - - - - - - - - - - - - 
Door 
Frame 
Middle 
Weld 
Fracture 
Cyclic Loading 
from Athletes 
Cracking in 
Members or 
Welds 
Beam 
Separation 
Inability to Use 
Door Portion To 
Train 
2 8 4 1 Month 64 
Same Loading 
Cases and 
Welds as Other 
- 
Weld inspection by 
welding professor 
1 8 4 32 
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Horizonta
l Member 
from Door 
Frame 
Frame 
Members. 
Inspection of 
the Door will be 
Required 
Door 
Frame 
Middle 
Vertical 
Members 
Weld 
Fracture 
Cyclic Loading 
from Athletes 
Cracking in 
Members or 
Welds 
Beam 
Separation 
from Door 
Frame 
Inability to Use 
Door Portion To 
Train 
2 8 4 1 Month 64 
Same Loading 
Cases and 
Welds as Other 
Frame 
Members. 
Inspection of 
the Door will be 
Required 
- 
Weld inspection by 
welding professor 
1 8 4 32 
Door 
Frame 
Outer 
Frame 
Members 
Weld 
Fracture 
Cyclic Loading 
from Athletes 
Cracking in 
Members or 
Welds 
Beam 
Separation 
from Door 
Frame 
Inability to Use 
Door Portion To 
Train 
2 8 4 1 Month 64 
Same Loading 
Cases and 
Welds as Other 
Frame 
Members. 
Inspection of 
the Door will be 
Required 
- 
Weld inspection by 
welding professor 
1 8 4 32 
Door 
Frame 
Wood 
Sheathin
g 
No 
Failure 
Possibiliti
es Shown 
- - - - - - - - - - - - - - - - 
Door 
Sheathin
g 
Mounting 
Screws 
Shear 
Stress 
Failure 
Static Loading 
on Screws 
Cracking in 
Screws 
Sheathing 
Separation 
from Door 
Frame 
Protection from 
Inside Frame 
Broken 
1 8 4 1 Month 32 - - - - - - - 
Door Jam 
Blocks 
Bend 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Permanent 
Bending Past 
Elastic 
Regime 
More Induced 
Bending of 
Frame 
Inability to Use 
Door Portion To 
Train 
2 8 4 1 Month 64 
None unless 
testing and 
further analysis 
proves 
otherwise 
- - - - - - 
Door Jam 
Standoffs 
Compres
sion 
Fatigue 
Failure 
Cyclic Loading 
from Athletes 
Buckling in 
Standoff 
- 
Inability to Use 
Door Portion To 
Train 
1 4 4 1 Month 16 
None unless 
testing and 
further analysis 
proves 
otherwise 
- - - - - - 
Door Jam 
Angles & 
Screws 
No 
Failure 
Possibiliti
es Shown 
- - - - - - - - - - - - - - - - 
Rubber 
Stoppers 
Compres
sion 
Cyclic Loading 
from Athletes 
Buckling in 
Member 
- 
Inability to Use 
Entire Station 
1 10 4 1 Month 40 
None unless 
testing and 
- - - - - - 
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Fatigue 
Failure 
further analysis 
proves 
otherwise 
Hinges 
Bearing 
Stress 
Failure 
Static Loading 
On Leaf 
Elongated 
Hinge Leaf 
Holes 
Separation of 
Door From 
Frame by 
Shear 
Through 
Entire Leaf 
Inability to Use 
Entire Station & 
Potential Injury 
of Athletes 
4 10 4 1 Month 160 
Run Through 
Bearing Stress 
Calculations on 
Hinges 
1/19/16 
Ran Static Bearing 
Stress Calculations 
to Return A High 
Factor of Safety 
1 10 4 40 
Hinge 
Screws 
Shear 
Stress 
Failure 
Cyclic Loading 
from Athletes 
and Opening / 
Closing Door 
Permanent 
Shear in the 
Screws 
Separation of 
Door From 
Frame by 
Shear 
Through A 
Screw 
Door Now 
Bearing on 
Other Screws 
3 10 4 1 Month 120 
Run Through 
Static Shear 
Stress 
Calculations on 
Screws 
1/19/16 
Ran Static Shear 
Stress Calculations 
to Return A High 
Factor of Safety 
1 10 4 40 
Caster 
Support 
Members 
Weld 
Fracture 
Cyclic Loading 
from Moving 
The Machine 
Cracking in 
Members or 
Welds 
Member 
Separation 
From Frame 
Inability to Move 
Station and Also 
Potential Injury 
2 10 4 1 Month 80 
None unless 
testing and 
further analysis 
proves 
otherwise 
- 
Weld inspection by 
welding professor 
1 10 4 40 
Caster 
Screws 
Shear 
Stress 
Failure 
Cyclic Loading 
from Moving 
The Machine 
Permanent 
Shear in the 
Screws 
Separation of 
Wheels 
Frame by 
Shear 
Through A 
Screw 
Inability to Move 
Station and Also 
Potential Injury 
3 10 4 1 Month 120 
Run Through 
Static and 
Fatigue Loads 
on Screws 
1/21/16 
Ran Static Shear 
Stress Calculations 
to Return A High 
Factor of Safety 
1 10 4 40 
Caster 
Wheels 
Bearing 
Stress 
Failure 
Static Loading 
On Leaf 
Elongated 
Leaf Holes 
Separation 
from frame 
From Frame 
by Shear 
Through 
Entire Leaf 
Inability to 
Transport 
Station and Also 
Potential Injury 
3 10 4 - 120 
None - Wheels 
are Rated for a 
Load of 250 
LBF (Check 
Regardless) 
1/21/16 
Ran Static Bearing 
Stress Calculations 
to Return A High 
Factor of Safety 
1 10 4 40 
Transport
ation 
Handles 
Weld 
Fracture 
Cyclic Loading 
from Moving 
The Machine 
Cracking in 
Members or 
Welds 
Handle 
Separation 
From Frame 
Inability to Move 
Station and Also 
Potential Injury 
3 10 4 1 Month 120 
Run Through 
Weldment 
Calculations on 
Items 
1/26/16 
Ran Weldment 
Calculations to Prove 
That Factor of Safety 
on Welds is 35, Weld 
inspection by 
welding professor 
1 10 4 40 
Resistanc
e Bands 
Grommet 
Shear 
Cyclic Loading 
from Athletes 
Tears in 
Nylon 
Complete 
Tear and 
Separation 
from Nylon 
Holds 
Inability to Use 
Band and Also 
Potential Injury 
2 7 4 1 Month 56 
None unless 
testing the 
bands prove 
that they 
doesn't fail 
- - - - - - 
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Item: Weight Station  Responsibility: 
Emily Woods and Oscar 
Andrade   
FMEA 
Numb
er: 1 
Model: Weight Station  Prepared by: 
Emily Woods and Oscar 
Andrade   Page: 1 of 1 
Core Team: 
Robert Cory Molloy (Engineering), Emily Woods (Engineering), Oscar Andrade (Engineering), Bibi Koch 
(Engineering)   
FMEA 
Date 
(Orig): 01/17/16 Rev: 1 
 
Component / 
Function 
Potential 
Failure Mode 
Potential 
Cause(s) 
Mechanism(s) 
of Failure 
Local Effects 
of Failure 
Next Higher 
Level Effect 
System Level 
End Effect 
P S D 
Detection 
Dormanc
y 
Risk 
Priority 
Number 
Recommended 
Action(s) 
Respon
sibility  
Action Results 
Actions Taken S P Dt 
RP
N 
Fly and 
Pulldown 
Extension 
Weld 
breakage 
Incomplete 
penetration, 
crack 
propagation, 
fatigue 
Crack 
propagates 
through 
extension 
Extension 
breaks away 
from weight 
station 
Extension, flys 
and lat 
pulldown falls 
onto athlete 
4 10 7 1 Month 
280 
Weld and weld 
fatigue 
calculations on 
splice and end 
of top bar 
Emily Weld and weld 
fatigue 
calculations on 
splice and end of 
top bar, welding 
inspection from 
Welding Professor 
10 1 7 70 
Rod Cable Rod Cable 
Breakage 
Failure due to 
cyclic fatigue. 
Caused by 
regular use 
Rod Cable 
snaps 
Suspended 
weight held 
by the rod 
cable can fall. 
Pulldown May 
fall onto 
athlete. Also, 
the dynamic 
loading of the 
weight stack 
can damage 
the frame. 
3 6 4 1 Month 72 Inspect the rod 
cable integrity 
every month. 
Oscar Inspection, testing 
of cable 
6 1 1 6 
Top Tube Tube failure Failure due to 
bending 
Crack 
initiates in 
tube 
Tube breaks 
away from 
machine 
Extension, flys 
and lat 
pulldown falls 
onto athlete 
4 10 7 1 Month 280 Failure and 
fatigue 
calculations for 
top bar at 
maximum 
moment 
Emily Failure and fatigue 
calculations for top 
bar at maximum 
moment, weld 
inspection from 
welding professor 
10 1 7 70 
Bolts 
securing the 
wheels 
Shear 
stress on 
bolts can 
cause them 
to fail. 
Failure due to 
overload. 
Bolt yields Wheels can 
come off. 
Whole weight 
machine can 
fall onto 
athlete. 
4 10 2 1 Month 80 Make sure 
Bolts can 
withstand the 
shear stress 
caused by the 
weight of the 
machine. 
Oscar All modes of 
failure is shear 
loading of bolted 
connections 
between the frame 
and wheel will be 
analyzed. Factors 
of safety will also 
be calculated. 
10 1 2 20 
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FAILURE MODE AND EFFECTS ANALYSIS - Aerobic Station 
 
Item: Aerobic Station  Responsibility: Bibi Koch   
FMEA 
Number: 1 
Model: Aerobic Station  Prepared by: Bibi Koch   Page: 1 of 1 
Core Team: Robert Cory Molloy (Engineering), Emily Woods (Engineering), Oscar Andrade (Engineering), Bibi Koch (Engineering)   
FMEA 
Date  01/17/16 Rev: 1 
 
Component / 
Function 
Potential 
Failure Mode 
Potential 
Cause(s) 
Mechanism(s) 
of Failure 
Local Effects 
of Failure 
Next Higher 
Level Effect 
System Level 
End Effect 
P S D 
Detection 
Dormancy 
Risk 
Priority 
Number 
Recommended 
Action(s) 
Respon
sibility  
Action Results 
Actions Taken S P D RPN 
Table Bending 
Huge load, 
failure in metal 
structure 
Bent table 
Table 
snapping in 
half 
The whole 
machine is 
broken 
4 10 4 1 month 160 
Put handbike 
as forwards as 
possible to 
discourage 
leaning 
Bibi 
Handbike placed as 
far forward as 
possible, tested 
leaning on table 10 1 4 40 
Bottom of 
perforated 
tube welds 
Weld 
failures 
Huge Load. 
failure in the 
weld 
Cracking or 
chipping in 
the weld 
Beam 
separates 
from structure 
The Table will 
not be able to 
go up and 
down 
1 7 4 1 month 28 
Weldment 
Calculations or 
Inspection 
Bibi 
Welding professor 
inspection and touch 
up 7 1 4 28 
Pins Pin failures Huge load 
Pins 
bending 
Pins breaking 
The Table will 
not be able to 
go up and 
down 
1 7 4 1 month 28 
Pin 
Calculations 
Bibi 
Pin Calculations, 
testing 
7 1 4 28 
Hand bike 
Attachments 
Hand bike 
attachments 
fail 
Big pulling 
force 
Bands will 
be bent 
Bands will 
break 
The hand bike 
will not be 
attached to the 
machine 
1 7 4 1 month 28 Inspection Bibi Testing of hand bike, 
inspection 5 1 1 5 
Bending in 
the lifted 
stand 
The tube 
bends 
Huge load on 
the table 
The tube 
bends 
The tube 
breaks 
The Table will 
not be able to 
go up and 
down 
1 7 4 1 month 28 
Frame 
strength 
calculation and 
testing 
Bibi 
Calculation and 
testing, weld 
inspection 7 1 4 28 
Lifting bar 
welds 
Weld 
failures 
Huge Pulling 
force 
Cracking or 
chipping in 
the weld 
Beam 
separates 
from structure 
Lifting bar is 
broken 
1 4 4 1 month 16 
Weldment 
Calculations or 
Inspection 
Bibi 
Welding professor 
inspection and touch 
up 4 1 4 16 
Table weld 
Weld 
failures 
Huge load 
Cracking or 
chipping in 
the weld 
Beam 
separates 
from structure 
Whole 
machine fails 
1 10 4 1 month 40 
Weldment 
Calculations or 
Inspection 
Bibi 
Welding professor 
inspection and touch 
up 10 1 4 40 
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Appendix J: Safety Checklist 
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Description of Hazard Corrective Actions to be Taken 
Planned 
Completion 
Date 
Actual 
Completion 
Date 
The hand bike will be revolving 
Will make sure that it is secured 
properly 
5/6/2016 5/20/2016 
The potential energy of the 
resistance bands when releasing 
can spring violently 
Safe padding and little stretch in 
resistance bands for less recoil 
5/6/2016 5/20/2016 
Machine may fall onto user during 
transportation 
Testing of transportation after 
assembly 
5/6/2016 5/20/2016 
Movement of the weights up and 
down 
Enclosure around the weights and 
padding to reduce noise (donated 
machine does not have enclosure, 
no changes necessary) 
5/6/2016 5/20/2016 
The carabiner aren't attached 
properly 
Operation manuals for assistants to 
properly use machine 
5/6/2016 5/20/2016 
The whole machine to fall over 
during assembly/transport 
The machine will have assembly 
directions, and have secure carriers 
5/6/2016 5/20/2016 
A pulldown machine 
Have it properly attached with 
locked carabiners 
5/6/2016 5/20/2016 
The machine can be used in an 
unsafe manner 
We will have the physical therapist, 
instructions for each section and 
staff will be there to assist 
5/6/2016 5/20/2016 
Beams located on the floor (used 
to stabilize an exercise station) can 
pose a tripping hazard.  
Paint the extruding parts of the 
frame with bright colors to attract 
notice 
5/6/2016 5/20/2016 
A falling weightstack (when in use) 
provides a pinch point 
Enclosure around the weights as 
defined in ASTM standards 
(donated machine does not have 
enclosure, no changes necessary) 
5/6/2016 5/20/2016 
A falling weightstack (when in use) 
can generate a high level of noise 
Put a material in between each 
weight that dampens this noise 
5/6/2016 5/20/2016 
Using the exercise machine in 
ways other than its intended use 
Lock up as many components as 
possible so that the machine can 
only be used when assistants are 
around 
5/6/2016 5/20/2016 
A resistance band can snap while 
in use 
Minimal stretch will cause less 
potential energy 
5/6/2016 5/20/2016 
I bolts can become loose while in 
use with a resistance band, 
causing them to become flying 
projectiles 
Make sure that the bolts are 
properly fastened and update 
maintenance manual with hazard 
checks 
5/6/2016 5/20/2016 
Numerous free attachments 
Provide a secure location for them 
to be locked up with controlled 
access 
5/6/2016 5/20/2016 
Cables could come free from 
pulleys or snap 
Include in maintenance checks, 
testing per ASTM 
5/6/2016 5/20/2016 
Exercise machine being used by 
athletes while not being supervised 
Lock as many structures and free 
components as possible so nothing 
can be moved 
5/6/2016 5/20/2016 
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Eyebolts are sticking out of frame 
and could be uncomfortable to fall 
upon 
Numerous eyebolts would spread 
the load more evenly so it wouldn't 
be as jarring, color them brightly 
5/6/2016 5/20/2016 
Assistants do not know how to 
properly perform the exercise 
PT will give a training session and a 
manual will be included 
5/6/2016 5/20/2016 
Upper resistance bands could 
swing and hit someone in the face 
Make sure the bands and grips are 
as light as possible 
5/6/2016 5/20/2016 
Movable gripping surface used as 
a form of support can cause 
someone to fall 
Have different color contrast pattern 
from fixed and moving gripping 
surfaces 
5/6/2016 5/20/2016 
The frame will be welded by the 
project group 
Have another person watching for 
safety, wear leathers, welding 
inspection by welding professor 
5/6/2016 5/20/2016 
Cutting and drilling will be required 
for manufacturing 
Review proper machine procedures 
and consult shop technicians 
before proceeding 
5/6/2016 5/20/2016 
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Appendix K: Manufacturing Plan 
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Appendix L: Gantt Chart 
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Appendix M: Safety Manual and User Guide 
 
Universal Weight Machine General Safety Points 
• All protruding beams will be bright and noticeable in order to prevent tripping. 
• Wheelchairs should be locked before performing exercises.  
• Assistants will be properly trained on machine safety and usability in order to ensure the safety 
of the users.  
• Accessory components will be stored behind a locked door in order to prevent unsafe use of 
the machine without the presence of assistants.  
• Gripping aides are available if necessary 
 
 
 
 
 
 
 
 
• Maintenance checks are required to ensure all equipment is functioning properly.   
• This machine consists of three separate stations, all of which can stand alone or be connected; 
DO NOT ATTEMPT TO MOVE THE RESISTANCE BAND STATIONS WITHOUT THE 
ASSISTANCE OF AT LEAST ONE OTHER PERSON. THE OTHER STATIONS CAN BE 
MOVED WITH A SPOTTER. 
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• Machine Set Up: Resistance band station should be placed in a convenient location  weight 
station should be put into place perpendicular to the resistance band station  place aerobic 
station  place gussets  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Weight Stack Station Safety  
• This station consists of moving parts, heavy loads, and protruding beams.  
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• The weight plates in the stack are enclosed, secure and coated with dampening material in 
order to decrease the decibels created by the plates as they contact each other.  
Weight Stack Station User Guide 
• If using a wheelchair, the user should reverse his or herself into the designated, wheelchair 
accessible space created by the frame of the station. Whether using a wheelchair or regular 
chair, the user should not be facing the machine.  
• If using a wheelchair, it should be locked prior to performing the exercises. 
• An assistant should be present at all times.  
• Gripping aides are available if necessary.  
Arm Ergometer Station Safety  
• This station consists of moving parts and protruding beams.  
• The hand bike itself will be secured in place.  
• The horizontal shelf, which supports the hand bike, can be adjusted to the height of the user 
and locked into place with two pins.  
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Arm Ergometer Station User Guide 
• The user should ask for assistance when adjusting the shelf to the appropriate height, which, 
for most users, will be directly in line with their chest.  
• If using a wheelchair, the user should steer his or herself into the designated, wheelchair 
accessible space created by the frame of the station. Whether using a wheelchair or regular 
chair, the user should be facing the machine.  
• The wheelchair should be locked prior to performing the exercises.  
• An assistant should be present at all times. 
• Gripping aides are available if necessary. 
Resistance Bands Station Safety 
• This station consists of protruding beams, accessory components, and a locked storage unit. 
The locks should be set in place upside down.  
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• The frame of this station utilizes eye bolts in order to provide a variety of attachment locations 
for the resistance bands. In order to add an eye bolt you will need a nut, two washers, and a 
tool to provide extra torque when screwing it into place.  
 
 
 
 
 
 
 
 
 
• The bands are attached to the eye bolts with carabiners.  
 
 
 
 
 
 
 
  
• The bands are light weight and have little stretch to prevent any injuries from occurring. In 
addition, the bands come with two tubes, where the second tube exists to protect the user if the 
first tube snaps. 
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• There are three different resistance levels (low, medium, high) and five colors that  
    correspond to the resistances: yellow = low, blue/red = medium, green/black = high 
• There are three lengths for each color resistance band (short, medium, long) and the selection 
should be based on the height of the user.  
 
 
 
 
 
 
• The accessory components of all the stations including the bands, carabiners, eye bolts, and 
gripping aides will be locked away in storage behind the station. 
Resistance Bands Station User Guide 
• The user should ask for assistance when attaching the eye bolts, resistance bands and 
carabiners to the varying attachment locations.  
• The user should refer to the Exercise Prescription Manual in order to ensure they are targeting 
the desired muscle groups based on the attachment location.  
• If using a wheelchair, the user should either reverse or steer his or herself into the designated, 
wheelchair accessible space created by the frame of the station. Whether using a wheelchair or 
not, the direction the user is facing will depend on the exercise he or she is performing. *Refer 
to the Exercise Prescription Manual* 
• The wheelchair should be locked prior to performing the exercises.  
• An assistant should be present at all times. 
• Gripping aides are available if necessary.  
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Appendix N: Installation Instructions 
 
The overall machine footprint is 7’ x 7’ and requires a 2.5’ by 4’ of clearance space for a forward 
or side approach. This can include the space provided by the machine for the wheelchair 
depending on obstructions. Additional clearance is required if a station will be obstructed on 
three sides. Extra knee space can be acquired while using the aerobic station by increasing the 
height of the table. Maximum dimensions of the machine does not change during use.  
 
Stations are connected using gussets as specified in Appendix M of the Safety Manual and User 
Guide. 
 
Stations are not required to be connected together to be functional but proper clearances must be 
ensured when using the singular machines. The configuration suggested is optimal for the space 
at PathPoint LEAP and may differ varying on the event or facility.  
 
Weight estimates from Solidworks are 55 lbs for the aerobic station, 228 lbs for the weight 
station and 200 lb for the resistance station.  
 
This equipment shall not be used in a commercial setting since it is a consumer sectorized 
machine.  
 
The Universal Weight Machine does not need to be mounted to walls or to the floor and each 
station is stable by itself.  
 
Provided rachet straps should be used when transporting the machine to various facilities or 
events.  
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Appendix O: Assembly Instructions 
 
Resistance Station 
 
 
Figure O1. 2.25 Screw Assembly 
 
This assembly view shows the proper way to assemble the first portion of the door. After laying 
down a single layer of wood sheathing on one side insert a 2.25 x 7/16-14 screw with 
accompanied 7/16 washer on one side. While the other piece of sheathing is then in place, 
connect the screw to the 7/16-14 nylock nut with another washer as shown. Please note that the 
sheathing hole patterns must match the rest of the steel reinforced frame before tightening. Once 
one is in place, the other 11 holes along the outer portion of the frame that are currently occupied 
by the same hardware can then be assembled. Once all have been assembled, tighten down to 
secure a snug fit of the door sheathing. 
 
 
Figure O2. Door Jam Hard Stop Assembly 
 
This assembly view shows the proper way to assemble one of two door jam hard stops. Not 
shown in the current picture is a cross-drilled hole added after for locking purposes. After 
completing all of the 2.25 screw assemblies that are holding the door together, these can then be 
approached with the same hardware but with the exclusion of the washers and inclusion of the 
hard stop. Insert both of the 2.25 x 7/16-14 screws with the accompanied hard stop as shown. On 
the back side of the door, attach two 7/16-14 nylock nuts to secure the connection. Tighten down 
to a snug fit. Repeat this process for the other hard stop. 
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Figure O3. Door Jam Assembly 
 
This assembly view shows the proper way to assemble one of two door jams for securing the 
door. Not shown in the current picture is a cross-drilled hole added after for locking purposes. 
This assembly shall be completed at any point in time as it does not conflict with the door 
assembly. The first step is to properly stack up the 3.75 x 7/16-14 Screw, Door Jam, and 1/2 Inch 
Round Spacer in the order shown. Once completed, attach the 7/16 washer and 7/16-14 nylock 
on the back portion to secure the assembly. Do not tighten to snug fit due to the rotation ability 
that must be exerted on the door jam. 
 
 
Figure O4. Hinges to Frame Assembly 
 
This assembly view shows the proper way to assemble one of two door hinges to the main frame 
for securing the door. Note that this orientation is opposite from what the current setup is on the 
station. Please keep the current set up orientation as the door was fitted to the dimensions due to 
warping characteristics from the main frame. This assembly shall be completed after the 
complete assembly of the 2.25 Screw Assemblies and the Door Jam Hard Stop Assemblies. The 
first step is to properly stack up the 2.75 x 7/16-14 Screws with its respectable hinge, either top 
or bottom. When disassembly occurs, please keep track of each hinge to help expedite this 
process. Some shifting and shimming of the door may need to occur to help guide the screws into 
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their respective holes. Once this is complete, please finish all holes for that respective hinge and 
move on to the opposite to correctly fit the door. Once all screws have been placed into the 12 
holes for both hinges, then connect a 7/16 washer and a 7/16 nylock to secure the connection. 
Once all have respective washers and nylock nuts, tighten to a snug fit. 
 
 
 
Figure O5. Eye bolt Assembly 
 
This assembly view shows the proper way to assemble one of the eye bolt assemblies for work 
out regiments either on the door or on the main frame. This assembly shall be completed at any 
point in time as it does not conflict with the door assembly. The first step is to properly stack up 
the 3.00 x 3/8-16 eye bolt and washer as shown. Once completed, attach the 3/8 washer and 3/8-
16 nylock on the back portion to secure the assembly. Tighten to snug fit but do not over tighten. 
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Aerobic Station 
 
Required Tools and Parts: 
 Top Aerobic Frame 
 Bottom Aerobic Frame 
 Wood Table 
 Handbike 
 ¼” Wrench 
 Metal Straps (4) 
 ¼” Bolts (10) 
 ¼” Nuts (6) 
 ¼” Washers (12) 
 
 
Figure O6. Top Frame Nested in Bottom Frame with Tabletop 
 
Insert top frame (enclosed in the yellow shape) into bottom frame and place wooden table on 
upper frame supports. 
 
 
Figure O7. Fastened Tabletop 
 
Bolt table to upper frame with washers on the table and the frame.  
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Figure O8.  Handbike on Tabletop 
 
Place handbike on table with the legs in between the holes in the table.  
 
 
Figure O9. Handbike Fastened with Metal Tape to Tabletop and Upper Frame 
 
Bolt handbike down using metal tape with washers on the supporting frame underneath (straps 
were rounded for safety following this picture). 
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Chair  
Required Tools and Parts: 
 Chair Frame 
 Back and Seat Pads 
 5 mm L-Wrench 
 3/8 “-16 Thread, 2 ½ Long Button-Head Socket Cap Screws (4) 
 3/8 ” Screw Size Flat Washers (4) 
 
 
Figure O10. Initial Required Parts for Chair 
 
For the first step the following parts are needed: back padding (left), two washers (top right), and 
two screws (bottom right). 
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Figure O11. Bare Chair Frame 
 
The back padding will be installed on the vertical part of the chair. First, place the washers inside 
the screws so that they are up against the screw cap. Second, insert one screw through each of the 
chair frame holes (enclosed in the red circles in the picture above). 
 
 
Figure O12. Padded Backing Holes 
 
Once the screws are in place, line up the threaded holes (Red arrow) on the padding with the 
screws and hand tighten the screws. Finishing tightening the screws with a 5mm L-wrench. 
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Figure O13. Bottom Seat Pad 
 
Locate the two remaining washers and screws, along with the seat pad (pictured above). 
 
 
Figure O14. Bottom Seat Pad Hole Pattern 
 
Rotate the chair in the position pictured above. Place the washers inside the screws so that they 
are up against the screw cap. Insert one screw through each of the chair frame holes (enclosed in 
the red circles in the picture above). Once the screws are in place, place the narrow side of the 
seat pad facing the back pad. Hand tighten the screws into the threaded holes in the seat pad. 
Finishing tightening the screws with a 5mm L-wrench. 
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Appendix P: Exercise Program 
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Appendix Q: Exercise Reference Photos 
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